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ABSTRACT
Geology of the Birdseye 7.5-Minute Quadrangle, Utah County,
Utah, Implications for Mid-Cenozoic Extension and
Deposition of the Moroni Formation
Don Bagshaw
Department of Geological Sciences, BYU
Master of Science
Geologic structures within the Birdseye 7.5 minute quadrangle Utah County, Utah have
been related by previous workers to both the Jurassic Arapien Shale diapirism and to the midCenozoic extensional collapse of the Charleston-Nebo Thrust. Whichever model proves valid, it
will have implications for oil exploration and interpretation of the subsurface geologic structure
in the region. A detailed map of the quadrangle was constructed to better constrain which
mechanism was responsible for the deformation.
Exposures of Arapien Shale near, and within the Birdseye quadrangle show no evidence
of diapiric movement. Arapien involvement in the deformation of Tertiary rocks in the center of
the quadrangle is therefore unlikely. Changes in the pattern of sedimentation of Eocene age rocks
suggest a change in tectonics during this time. Restoration of the Eocene strata shows that the
most plausible mechanism for this deformation is extension along reactivated thrusts in the
Arapien Shale, Thaynes Formation, and Woodside Shale, related to Basin and Range extension.
The Moroni Formation, a prominent Tertiary volcanic unit present throughout the
Birdseye quadrangle, has been used to justify Eocene extension. Deformation with the formation
was found to be present only along the Thistle Canyon normal fault, constraining movement
along the fault to the Eocene and later. Dip and facies relationships present within the formation
mainly are a result of paleotopography rather than extension. Several distinctive units were
mapped within the formation, including lahar and fluvial deposits, as well as two different ashflow tuffs. A depletion in nickel and chromium, an unusually ferroan composition, and
distinctive Fe/Ti ratios suggest that the volcaniclastic rocks of the Moroni Formation are similar
to volcanic rocks in the Slate Jack Canyon and Goshen quadrangles which lie about 35 km to the
west. This implies that the ignimbrites and volcanic clasts in the Moroni Formation were sourced
from the East Tintic volcanic center. It further implies that any mid-Tertiary extension between
the East Tintic center and the Birdseye quadrangle did not create barriers to sedimentation and
was limited in extent.

Keywords: Charleston-Nebo Thrust, Extensional collapse, Moroni Formation, East Tintic
volcanic center, Birdseye quadrangle
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CHAPTER 1: STRATIGRAPHY AND STRUCTURES OF THE BIRDSEYE 7.5’ QUADRANGLE, UTAH
COUNTY, UTAH
INTRODUCTION
Previous workers have presented conflicting interpretations as to the timing and
mechanism of deformation of rocks within the Birdseye quadrangle (Peterson, 1952; Harris
1953; Armstrong, 1968; Lawton, 1985; Wikind, 1982, 1983, 1986, 1987, 1994, 1999; Wikind
and Page, 1983; Witkind and Weiss 1991; Constenius, 1996; Constenius et al., 1999, 2003).
Detailed geologic mapping of the quadrangle has helped to clarify the tectonic history of the
region, identifying extension as the most plausible mechanism for the deformation found within
the Cenozoic strata. This extension was relatively minor during the deposition of the Moroni
Formation and is dominantly Basin and Range related.
Geologic Setting
The Birdseye quadrangle is located at the southern terminus of the Rocky Mountains and
is bound by the Basin and Range province to the west and the Uinta basin to the east (Fig. 1).
The Colorado Plateau is to the southeast and the High Plateau province of Utah is to the south.
The Birdseye quadrangle lies in the southern transverse zone of the Charleston-Nebo salient of
the late Jurassic to late Eocene Sevier fold and thrust belt (Fig. 1). The Charleston-Nebo Thrust
was formed when Precambrian basement and Paleozoic and Mesozoic sedimentary rocks were
thrust eastwards on shale and evaporative decollements (DeCelles, 2004). Three models of
regional deformation have been proposed for the area including the Birdseye quadrangle.
The first model is Sevier thrusting overprinted by Basin and Range extension. This model
was first developed by Peterson (1952) and Harris (1953) based on their mapping of the area and
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resulting cross sections. They show the Charleston-Nebo thrust cut by normal faults related to
younger extension (Fig. 2a). Regional structural analysis by Armstrong (1968) and Lawton
(1985) also attributed deformation of the Nebo thrust to basin and range extension.
The second deformation model employs late Cretaceous thrusting followed by diapiric
deformation of salt and gypsum within the Jurassic Arapien Shale. Arapien Shale movement
caused folding, faulting, and extensional structures. Salt-generated tectonics in central Utah was
first proposed by Stokes (1952, 1956) based on similarities with the Paradox basin in
southeastern Utah. It was later espoused by Wikind (1982, 1983, 1986, 1987, 1994, 1999;
Wikind and Page, 1983; Witkind and Weiss 1991). Wikind proposed that diapirism of the
Arapien Shale was the main source of structural complexity in central Utah. Within the Birdseye
quadrangle, Witkind (1986) interpreted a high ridge (Fig. 4b) that trends north through the area
as an erosional escarpment of the Charleston-Nebo thrust with the distal margin of the thrust
somewhere to the east. He proposes that Tertiary and younger strata were later deposited along
the edge of the thrust, and then distorted by movement of the evaporate-rich Arapien Shale (Fig.
2d). He cited several examples of local deformation by the Arapien in surrounding areas but
concluded that the subsurface nature of the Arapien in this area is unknown and should be further
studied.
The third model, proposed by Constenius (1996) and Constenius et al. (1999, 2003), is
that mid-Cenozoic normal faulting was a primary deformation mechanism in the region (Figs. 2b
and 2c). Constenius and coworkers propose that thrusting was followed by a brief hiatus of 1-2
million years (Constenius et al., 1999). The hiatus was followed by the gravitational collapse of
the fold and thrust belt. This period of extension was followed by 17-0 Ma Basin and Range
extension that further deformed the area. While his cross sections have better subsurface control
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than previous cross sections, they are constrained at the surface only by maps of the area
constructed by others.
The contrasting timing and mechanisms of deformation have different implications for
strata present in the Birdseye quadrangle. If Sevier thrusting is followed by Miocene Basin and
Range extension as the primary mode of deformation, timing of extensional features should be
limited to approximately 17 Ma to the present. If a diapiric model is assumed for the structural
complexity of the area, the timing of deformation would not be so limited. Witkind (1999)
proposes multiple episodes of salt diapirism that span from the Late Cretaceous to the present. If
this is the case, the Cretaceous to Quaternary section should have been affected by these episodes
of deformation (Fig. 2d). If deformation occurred in the mid-Cenozoic followed by Basin and
Range extension, there should be signs of deformation predating the deposition of the Moroni
Formation. Whichever model proves valid, it will have implications for oil exploration and
interpretation of the subsurface geologic structure in the region (Constenius, 1996). If Sevier
thrusting was followed by the extensional collapse of the thrust and then later Basin and Range
extension, extensional features should be found that date from the late Eocene to the present.
Previous Work
Several workers have mapped all or parts of the Birdseye quadrangle (Fig. 3). Schoff
(1937, 1951) mapped the Cedar Hills, including the southern end of the Birdseye quadrangle,
south of Bennie Creek (Figs. 3 and 19). His mapping shows a large area of Tertiary volcanic
rock that he called the Moroni Formation as well as outcrops of North Horn and Flagstaff
Formations. Peterson (1952) mapped a narrow strip that contained parts of the Spanish Fork
Peak, Billies Mountain, Birdseye, and Thistle quadrangles (Fig. 3). One of the key features of his
mapping was the Billies Mountain fault that extended through most of his mapped area. He
3

described it as a high-angle normal fault with a large component of horizontal offset and made
measurements from aerial photographs that showed a throw on the fault of approximately 0.7
km. Harris’s (1953, 1954) mapping covered the area north of Bennie Creek. He mapped three
main faults in the Pennsylvanian and Permian section in the western part of the quadrangle that
have strongly influenced later mapping of the area. Harris also mapped a fault following the
drainage of Crab Creek. In addition, he mapped two other significant normal faults: the Thistle
Canyon fault (renamed from Peterson’s (1952) Billies Mountain fault) trends northeast through
the center of the quadrangle, and the Birdseye fault with a similar trend in the southeast corner of
the quadrangle. Both faults were thought to postdate the deposition of the Moroni Formation. His
map also noted one igneous sill along the eastern edge of the map that could be the source of the
clasts found in the Moroni Formation in the area. A large difference between his map and later
maps was that Tertiary rocks below the Moroni Formation were mapped as Flagstaff Formation.
Metter (1955) mapped the central Wasatch Mountains. His map shows Colton Formation
above the Flagstaff Formation in the central portion of the quadrangle. One significant difference
in his map is the inclusion of the Crab Creek Formation described as “a sequence of tufa-like
rocks, algal ball limestone and conglomerates that is exposed in a large dissected terrace south of
the mouth of the upper canyon of Crab Creek”. Metter thought that these beds might represent a
shoreline facies of the Flagstaff limestone but suggested that they should be further examined.
His map of the western part of the Birdseye quadrangle, including faults and the relationships of
the Flagstaff, Colton, and Moroni Formations is reflected in Davis’s (1983) compilation map of
the southern Wasatch Front, which included part of the Birdseye quadrangle (Fig. 4a).
Based mainly on Metter’s (1955) work, Davis (1983) clarified the Triassic and Jurassic
unnamed units of Harris (1953) as Tertiary Colton, Green River, Flagstaff, and North Horn
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Formations. The Birdseye fault of Harris (1953, 1954) was left out. The apparent stratigraphic
relationships of North Horn, Flagstaff, and Colton Formations in the central part of the
quadrangle were extended to the eastern part as well.
Witkind and Weiss (1991) mapped the 30‘x 60’ minute Nephi quadrangle that includes
the Birdseye quadrangle (Fig 4b). Their map differed from previous versions in several respects.
Significantly, they mapped an erosional escarpment where the Thistle fault was previously
mapped. Additionally, the Birdseye Fault and the fault along Crab Creek were not present. Their
map also did not include the small exposures of Colton Formation and North Horn Formation in
the northern part of the quad that Metter (1955) included (Fig. 4). There are also some
differences in the placement of Colton Formation and Flagstaff Formation contacts on the
southeast and southwest corners of the maps.
Geologic maps adjacent to the Birdseye quadrangle have been made by several workers.
Baker (1972) and Rawson (1957) mapped the Spanish Fork Peak quadrangle. Young (1976)
mapped the Billies Mountain quadrangle. The Thistle quadrangle was mapped by both Pinnell
(1972) and Valora and Ashcroft (2012). Pinnell’s map shows Harris’ (1953, 1954) Birdseye and
Thistle faults extending to the northeast. He describes the Birdseye fault as a normal fault of
variable trend and a dip of approximately 45°. In the Thistle quadrangle, it has a north northeast
trend and is nearly vertical. Evidence of faulting was based on the juxtaposition of the Flagstaff
Formation and North Horn Formation against North Horn Formation and Indianola Group. No
direct measurement of offset on this fault was made but his map shows the base of the Flagstaff
Formation 1700 feet lower on the hanging wall of the Birdseye fault. Pinnell (1972) showed the
Thistle Canyon fault (equivalent to Peterson’s Billies Mountain fault) continues into the Thistle
quadrangle following a shaly unit of the Twin Creek Limestone. More recent mapping by Valora
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(2009) and Valora and Ashcroft (2012) documented growth strata as evidence of the continued
movement of the Sevier-aged Charleston-Nebo thrust. They also clarify the nature of the Arapien
Shale in the area and did not find evidence of the Birdseye fault. In the Indianola quadrangle,
Runyon (1977) interpreted structural complexity as a result of diapiric movement within the
Arapien Shale. Solomon (2010) and Solomon et al. (2007) have produced maps of the nearby
Payson Lakes and Spanish Fork quadrangles and helped clarify Quaternary units in the area.
Lyman (2001) compiled maps from several other workers for the Payson Lakes and Santaquin
quadrangles. Lyman (2001) did not subdivide Tertiary units into formations due to difficulty
identifying the contacts, but he proposed that the structure of the area is an uplifted inverted
basin. Constenius et al. (2011) mapped the Provo 30’ x 60’ to the north of the Birdseye area and
have mapped several landslides and possible faults that extend south into the Birdseye
quadrangle.
Several workers have contributed to a better understanding of the regional geology.
Spieker (1946, 1949) named some prominent units in the area: the Arapien Shale, Indianola
Group, North Horn Formation, and Flagstaff Formation. He also raised the Colton to formation
rank. Lawton (1985) worked on the timing and structures of the central Utah thrust belt and
included several cross sections through the area. In addition to his mapping with Weiss (Witkind
and Weiss, 1991), Witkind worked extensively in central Utah and is best known for espousing
diapiric nature of the Arapien Shale (Witkind, 1982, 1983, 1986, 1987, 1994, 1999). He mapped
several areas along the east flank of the Charleston-Nebo thrust (Witkind, 1987), and the Thistle
landslide (Witkind and Page, 1983). Hintze (1960, 1962) better delimited the extent of the
Charleston Nebo thrust and compiled a map of the geology of the southern Wasatch Range.
Horton et al. (2008) published an east-west seismic cross section from just to the north of the
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Birdseye quadrangle and analyzed the deposition of post-Sevier rocks based on clast counts and
paleocurrent orientations.
METHODS
Mapping
Field mapping was done using two methods: First, contacts were recorded on mylar
overlain on, USGS 1:24,000 scale topographic maps, and color aerial photographs (2009 NAIP
flights), during two field seasons from May 2011 to August 2012. A Garmin GPS 72 was used to
mark sample localities, contacts and field measurements. Secondly, contacts were digitized using
Cardinal Systems Virtual Reality (VR1 and VR2) software. Stereo aerial photography from
United States Department of Agriculture 1972 (black and white), 1980 (black and white), and
1987 (color infrared) were scanned, oriented, and projected into three dimensions, allowing
contacts to be placed as close as possible to actual locations. Additional aerial photos were
provided by the Utah Geological Survey in 2012, and contacts were cleaned up using this
imagery. The completed map from VR1 and VR2 was transferred to ArcGis where the map was
further edited. Cross sections, stratigraphic columns, and figures were made using Adobe
Illustrator. A preliminary version of the map was submitted to the U.S Geological Survey to
meet the requirements of the EDMAP program and is in preparation to be submitted to the Utah
Geological Survey for final review and publication (Plates 1 and 2).
Strikes and dips were taken with a Brunton compass and the locations recorded using a
Garmin GPS 72. Some strikes and dips were digitized from previous maps (Witkind and Weiss,
1991; Harris, 1953; and personal communication Constenius, 2011) and are noted as such on
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Plate 1. Rock colors were determined using the 2009 revision of the Geological Society of
America rock color chart (Rock-color chart committee, 2009).
STRATIGRAPHY
The rock units described on Plate 2 of the map are briefly described below. This is by no
means a comprehensive description of the units but focuses mainly on their contacts and unique
characteristics in the Birdseye quadrangle.
Paleozoic Rocks
The Paleozoic section is represented by; the Wallsburg Ridge and Granger Mountain
Members of the Oquirrh Group, the Kirkman Limestone, the Diamond Creek Sandstone, and the
Park City Group composed of the Grandeur, Meade Peak, and Franson Members.
Oquirrh Formation, Wallsburg Ridge Member (IPowr)
The Wallsburg Ridge Member is not exposed in the Birdseye quadrangle. It does
outcrops along the front of the Wasatch Range; in the Spanish Fork quadrangle to the northwest,
and it is present in the subsurface. It is composed of quartzite and sandstone with rare interbeds
of limestone. There is approximately 8000 feet (2450 m) present in the Wasatch Range (Baker,
1947). It is Late Pennsylvanian (Virgilian-Missourian) in age (Solomon et al., 2007).
Oquirrh Formation, Granger Mountain Member (IPogm)
The Granger Mountain Member of the Oquirrh group is widely exposed within the
Birdseye quadrangle. The base of the formation was mapped by Constenius et al. (2011) as a
prominent limestone unit approximately 100 feet (30 m) thick. This basal limestone is not
exposed within the Birdseye quadrangle but can be traced along the front of the Wasatch Range
in the Spanish Fork quadrangle. The Granger Mountain Member is dominantly composed of
8

sandstone and siltstone with interbedded limestone. There is a second thick (200 feet or 60 m)
limestone unit that is exposed on Loafer Peak and forms the steep cliffs present there. Siltstones
in this member often have abundant track and trail markings, and the uppermost limestone units
are often composed of crinoid and fusulinid hashes. Several fusulinids were collected from
various locations within the member but did not provide conclusive age constraints. Other
workers have dated the unit as Permian (Wolfcampian) (Constenius et al., 2011, Solomon et al.,
2007). An approximate thickness of 10,000 feet (3000 m) for this unit was calculated, although
normal faulting could have increased the apparent total thickness. This agrees reasonably well
with Constenius et al.’s (2011) estimate of 8000+ feet. Harris (1953) only measured a partial
section at the top of the unit and, due to the base being unexposed within the quadrangle,
additional measured sections were not taken.
Kirkman Limestone (Pk)
The Kirkman Limestone is the most distinctive limestone unit exposed at the surface
within the Birdseye quadrangle. The base of the unit was mapped at a distinct transition from
intercalculated siltstones and limestone hashes at the top of the Granger Mountain Member to
more thickly bedded limestone. The base of the unit is composed of these thickly bedded
limestones with abundant fusulinid and crinoid fragments. Near the top of the formation, the
limestone becomes thinly laminated with 1-2 mm thick alternating bands of yellow and dark gray
limestone. These uppermost beds are commonly brecciated. Strikes and dips within this unit are
highly variable (Fig. 5) due to karst activity within the unit. Karst within the Kirkman Limestone
has been well documented by sinkholes found in Lodgepole and Covered Bridge Canyons
(Rawson, 1957), several miles to the north, but has not been previously recognized within the
Birdseye quadrangle. The Kirkman Limestone has been dated by other workers as Lower
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Permian, specifically Leonardian and Wolfcampian (Constenius et al., 2011). The Kirkman
Limestone was measured by Harris as 205 feet thick just south of Crab Creek, but, due to
karsting in the unit, thickness varies considerably from 150-250 feet (45-65 m).
Diamond Creek Sandstone (Pdc)
The Diamond Creek Sandstone is a distinctive ridge-forming, trough cross-stratified,
fine-grained, eolian sandstone. It is locally calcareous and ranges from friable to well cemented.
The formation is Permian (Leonardian) in age (Hintze and Kowallis, 2009). Thickness is highly
variable within this unit; it pinches out north of Bennie Creek and thickens considerably to the
north of Crab Creek. Harris (1953) measured 621 feet (189 m) south of Crab Creek. 480 feet
(146 m) were measured in Diamond Fork anticline (after Welsh, 1981).
Park City Formation, Grandeur Member (Ppg)
The Grandeur Member of the Park City Group is dominantly a medium (N5) to dark gray
(N3) dolomite, that weathers very light gray (N8). Dolostones are very thick bedded and are fine
to medium crystalline with white chert nodules common near the base. There is a series of thin
shales and siltstones that are medium gray (N5) to grayish red (10R 4/2)) in color in the middle
of the Grandeur Member and are commonly recessive in outcrop. Its age is Permian
(Leonardian) (Hintze and Kowallis, 2009). Harris (1953) measured 1440 feet (438 m) south of
Crab Creek.
Park City Formation, Meade Peak Member or Phosphoria Formation (Ppg)
The Phosphoria Formation or Meade Peak Member of the Park City Group is a medium
gray (N5) to black (N1), highly fissile shale, with interbedded medium gray to (N5) to yellowish
brown (10YR 4/2) siltstone. There are some minor limestone beds that are locally oolitic.
Outcrops are poor, and shale and siltstone float are the distinguishing characteristics of the unit.
10

The member is also Permian (Leonardian) in age (Hintze and Kowallis, 2009). Harris (1953)
measured 300 feet (90 m) south of Crab Creek.
Park City Formation, Franson Member (Ppg)
The Franson Member of the Park City Group is a yellowish gray (5Y 8/1) dolomite that
weathers light gray (N7) to white (N9). It ranges from thin to thick bedded and is locally silty
and sandy. There are common quartz filled vugs near the top and light gray (N7) to grayish black
chert nodules and stringers near the base. It is fractured to brecciated in places. This member is
Permian (Guadalupian) in age (Hintze and Kowallis, 2009). Harris (1953), measured 1600 feet
(490 m) south of Crab Creek, but the base of the member is not exposed at the surface, so this is
a partial thickness. There is 820-930 feet (250-284 m) present in the Diamond Fork anticline
(Welsh, 1981).

Mesozoic Rocks
The Mesozoic section is represented by the Thaynes Formation, Woodside Shale,
Ankareh Formation, Gypsum Springs Formation, Sliderock, Rich, Boundary Ridge, and Watton
Canyon members of the Twin Creek Limestone, Arapien Shale, Twist Gulch Formation, Cedar
Mountain Formation, and North Horn Formation.
Thaynes Formation and Woodside Shale, undivided (TRu)
These Early Triassic formations are not exposed at the surface, but are used in the cross
section (Plate 2). Young (1976) described the Woodside Shale exposed in the Billies Mountain
quadrangle to the north as “red to reddish brown shale, siltstone, and very fine grained
sandstone.” Only 50 feet were measured. The Thaynes Formation was described as gray green to
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pink limestone, pink calcareous sandstone and red to green shale with a thickness measured at
1140 feet (Young, 1976). James (1980) discussed the paleoenvironments of the Thaynes
Formation in Diamond Fork Canyon. Rawson (1957) described these units similarly to Young
and reported a thickness from Baker (1947) of 150 feet and 1300 feet for the Woodside Shale
and Thaynes Formation respectively. The total thickness of the two units was estimated by
Neighbor (1959) as 2185 feet (665 m) thick.
Ankareh Formation (TRa)
The Middle Triassic Ankareh Formation consists of dark reddish brown (10R 3/4) to
greenish gray (10GY 6/1) thin-bedded mudstone, siltstone, and medium to thin bedded, finegrained sandstone. Siltstone is locally micaceous and green reduction spots are common.
Regional thickness estimates vary. Brandley (1990) measured 1130 feet (345 m) near Diamond
Fork; Young (1976) measured 1400 feet (426 m) at Billies Mountain. Baker (1947) reported a
total thickness of 1485 to 1530 feet (453-466 m) in the Wasatch Range. Only a partial section is
exposed in the Birdseye quadrangle near the headscarp of the Thistle Landslide. Brandley (1990)
gives a thorough description of the Ankareh Formation in Spanish Fork Canyon.
Nugget Sandstone (JTRn)
The Nugget Sandstone consists of moderate orange pink (10R 7/4) to pale yellowish
orange (10YR 8/6) sandstone. It exhibits trough cross stratification and ranges from moderately
cemented to friable. Grains are fine to medium and are well rounded and commonly frosted. Its
age has been debated over the years, but Sprinkel et al. (2011a) have concluded that this
formation is Late Triassic-Early Jurassic. Harris (1953) measured a total of 2115 feet (644 m) of
sandstone in Crab Creek but divided the Nugget Sandstone into four units composed of the
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Shinarump, Chinle, an unnamed Jurassic Sandstone, and Navajo. Regionally it is about 1260 to
1450 feet (385-440 m) thick (Constenius et al., 2011; Baker, 1947).
Gypsum Spring Formation (Jg)
The Gypsum Spring Formation consists of moderate reddish brown (10R 4/6) siltstone,
moderate orange pink (10R 7/4) and white (N9) quartz sandstone, anhydrite, with minor beds of
gray limestone and some red shale. The limestone beds commonly are composed of an Isocrinus
crinoid hash. Its thickness is highly variable and ranges from 0 feet thick in Crab Creek to 50 feet
(15 m) thick at Thistle Junction. The Gypsum Spring Formation has been elevated to formation
status based on work by Sprinkel et al. (2011b) who have shown that it has distinct
characteristics, is regionally mappable, and is early Jurassic, not middle Jurassic in age. The base
of the formation is the J-1 unconformity and the top the J-2 unconformity (Fig. 6).
Twin Creek Limestone (Jtc)
The Middle Jurassic Twin Creek Limestone has been studied by many workers (Bordine,
1965; Bullock, 1965; Imlay, 1967, 1980; Sprinkel, 1982; Sprinkel et al., 2011b). The
paleoecology of the formation at Thistle Junction was discussed by Bordine (1965) and Bullock
(1965). Doug Sprinkel from the Utah Geologic Survey (written communication 2012) provided a
measured section and annotated photograph (Fig. 6) from Thistle Junction, which was used to
subdivide the members of the formation. Harris (1953) measured a total of 815 feet of Twin
Creek Limestone north of Crab Creek, which is very similar to Sprinkel’s total of 810 feet.
Member thickness is calculated using Sprinkel’s contacts applied to Harris’s measured section.
Twin Creek Limestone, Sliderock, Member (Jts)
The Sliderock Member consists of light brownish gray (5YR 6/1) to dark gray (N3)
limestone. Oolite beds and gastropod fossils are common throughout. This unit is 110 feet thick
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up Crab Creek while only 50 feet (16 m) are present at Thistle Junction. The base of the
formation is the J-2 unconformity. It is Middle Jurassic (Bajocian) in age (Sprinkel et al., 2011b).
Twin Creek Limestone, Rich, Member (Jtr)
The Rich Member is medium gray (N5) to light brownish gray (5YR 6/1) argillaceous
limestones and siltstones. Limestone beds increase in frequency higher in the section. Ripple
bedding is common and there are minor gastropod beds present. It is 410 feet (124 m) thick up
Crab Creek while it is 460 feet (140m) thick at Thistle Junction. It is Middle Jurassic (Bajocian)
in age (Sprinkel et al., 2011b).
Twin Creek Limestone, Boundary Ridge Member (Jtb)
The Boundary Ridge Member is composed of light gray (N7) to light brown (5YR 5/6)
shale and siltstone that outcrops recessively and is poorly exposed. Up Crab Creek it is 160 feet
(48 m) thick, while 140 feet (40 m) are present at Thistle Junction. Two hundred feet were (60
m) measured in the Billies Mountain quadrangle (Young, 1976). It has been dated as Middle
Jurassic (Bathonian) (Sprinkel et al., 2011b).

Twin Creek Limestone, Watton Canyon Member (Jtw)
The Watton Canyon Member is medium gray (N5), medium- to thick-bedded, lime
micrite to wackestone. Oolites and pelecypod fragments are common. It outcrops as a resistant
ridge-forming unit. It is 160 feet (50m) thick at Thistle Junction but is 135 feet thick in Crab
Creek. It is Middle Jurassic (Bathonian) in age (Sprinkel et al., 2011b).
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Arapien Shale (Ja)
The Arapien Shale is pale greenish yellow (10Y 8/2) to yellowish gray (5Y 8/1) shale
interbedded with rippled cross-laminated, calcareous siltstone, and sandstone. There are minor
interbeds of sandstone, and micritic limestone. Isocrinus fossils are common. It is exposed only
in outcrop east of Highway 6, and most of the exposure lies in the Thistle quadrangle. It is
unconformably covered by North Horn Formation in most locations. There are approximately
880 feet (270 m) exposed in the Thistle quadrangle (Valora and Ashcroft, 2012) but the total
thickness is estimated to be 1200 to 1800 feet (400 to 600 m). It has been dated as Middle
Jurassic (Bathonian to Callovian) (Sprinkel et al., 2011b).

Twist Gulch Formation (Jtg)
The Late Jurassic Twist Gulch Formation is not exposed in the Birdseye quadrangle and
is used only in cross section (Plate 2). It consists of sandstone interbedded with siltstones and
shales and is approximately 900 feet to 1500 feet thick (300 to 500m) estimated from mapping
by Valora and Ashcroft (2012) in the adjacent Thistle quadrangle.

Cedar Mountain Formation (Kcm)
The Early Cretaceous Cedar Mountain Formation is not exposed in the Birdseye
quadrangle and is used only in cross section (Plate 2). It outcrops to the east in the Thistle
quadrangle where it consists of interbedded limestones, conglomerates, sandstones, and
siltstones. Its total thickness is unknown, but 2100 feet to 2400 feet (700 to 800 m) are estimated
from mapping by Valora and Ashcroft (2012).
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North Horn Formation (KTn)
The North Horn Formation is a moderate red (5R 4/6), thick to very thick-bedded
mudstone, siltstone, and sandstone interbedded with medium gray (N5) oncolitic limestones. It
grades downward into a well-cemented medium gray (N7) to moderate reddish brown (10R 7/4)
conglomerate, with thin, interbedded siltstone that is intercalated with light gray (N7), medium to
coarse grained sandstone. Conglomerates are locally present as thick, lenticular, channel-fill
deposits containing pebbles to cobbles of Paleozoic rocks. A complete section of about 300 feet
(100 m) is present on the west side of the Birdseye quadrangle but the formation thickens to
1600 feet (200 m) to the east. North Horn Formation sits unconformably on deformed Mesozoic
and Paleozoic rocks. Where the unit is deposited on top of the Granger Mountain Member of the
Oquirrh Group, a bed of sandstone with brecciated and liesegang banded siltstone fragments is
present, but these are absent where it is deposited on other lithologies. The members of the North
Horn Formation within the Birdseye quadrangle were not mapped separately due to a lack of a
consistent transition from the conglomerate to siltstone facies that other workers have used to
divide the formation into an upper and lower member (Valora and Ashcroft, 2012; Constenius et
al., 2011). To further complicate regional correlation, in the southeast corner of the quadrangle
the formation contains limestone beds up to 20 feet (6 m) thick that are very similar to units
within the Flagstaff Limestone. Siltstones and conglomerates directly above the limestone beds
are coarser grained than the Colton Formation and lack the distinctive color change present at the
Flagstaff-Colton contact in the northern part of the quadrangle, so I chose to lump these within
the North Horn Formation. Perhaps this area alternated between lacustrine and fluvial conditions
more frequently than in the rest of the quadrangle. Limestone beds in the upper part of the
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formation contain fossil gastropods and bivalves that, along with palynomorphs found elsewhere,
date the formation as Late Cretaceous (Maastrichtian) to Paleocene in age (Lawton et al., 1993;
Horton et al., 2004; Difley, 2007).

Tertiary Rocks
Tertiary units within the Birdseye quadrangle include the upper North Horn, Flagstaff,
Colton, Green River, Uinta, and Moroni formations, and the Crab Creek Conglomerate. North
Horn Flagstaff, Colton, Green River and Uinta formations contain similar oncolitic limestones as
well as similar conglomerate beds present within them making them difficult to distinguish from
one another. Within the Birdseye quadrangle these formations interfinger with one another and
may be lateral equivalents. The contact between the North Horn Formation and the Flagstaff
Limestone was based on mapping north of the Birdseye quadrangle where previous workers
(Constenius et al., 2011: Young, 1976) placed the contact at the transition from mudstones to a
cliff forming limestone. Marcantel and Weiss’s (1968) guidelines for distinguishing Flagstaff,
Colton, and Green River formations were the most useful. In distinguishing the Flagstaff
Limestone and the overlying Colton Formation, four guidelines were used. First, the clastic
nature of the beds increases and persists within the Colton Formation. Second, the Colton
Formation contains fewer fossils. Third, the abundance of carbonate beds decreases. Lastly, there
is a color change from brown and gray in the Flagstaff Limestone to red green and pastel colors
in the Colton Formation. In differentiating the Colton Formation from the overlying Green River
Formation, Marcantel and Weiss (1968) state that there is an increase in limyness, with thicker
and more persistent carbonate beds, and a color change from reds to pale greens. Moussa (1965)
used similar criteria in his mapping of Tertiary rocks near Soldiers Summit. The base of the
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Flagstaff Limestone was placed at the top of the highest dominantly clastic part of the section
and below the part that was predominantly limestone. The base of the Colton Formation was
placed at the top of the last dominantly limestone part of the section and at the base of beds with
variegated color. Moussa (1965) based the boundary between the Colton and the overlying Green
River formations on criteria by Spieker (1946). Spieker’s criteria were that Colton Formation
beds were discontinuous and irregularly bedded while Green River Formation beds are more
continuous and regularly bedded, and that there was a marked color change between Green River
Formation and Colton Formation rocks. Moussa (1965) found color to not be a distinguishing
criterion for the Green River and Colton formations and placed the base of the Green River
Formation at the first paper shale. Regionally the Green River Formation has been dated by ash
beds (Weiss, 1983; Smith et al., 2008). However, ash beds were not found within mapped Green
River Formation within the Birdseye quadrangle. One prominent ash bed that returned a Green
River Formation age was found in the mapped Uinta Formation. This bed was not mapped as
Green River Formation due to its stratigraphic position above conglomerates that Constenius et
al. (2011) mapped as the Uinta Formation.
Previous maps of surrounding areas have used different methods for dealing with these
units. Lyman’s (2001) mapping of the Payson Lakes quadrangle did not distinguish Tertiary
units with the exception of some Moroni Formation outcrops, citing the difficulty in determining
formation boundaries. Pinnell (1972), in mapping the Thistle quadrangle, placed the boundary
between the Flagstaff Limestone and the underlying North Horn Formation at the top of a red
clastic sandstone, siltstone, or conglomerate. He noted that while this contact was relatively
distinct in the northern and southeastern sections of the quadrangle, it became less obvious in the
southwestern area where lacustrine Flagstaff Limestone interfingers with clastic North Horn
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Formation. His base of the Flagstaff Limestone was placed near a bed of tar sand in the
northwestern corner of the Thistle quadrangle. Pinnell’s (1972) map did not include Colton
Formation. However, beds of Green River strata were interpreted as being deposited on top of
Flagstaff Limestone in the southeastern corner of the quadrangle. Valora and Ashcroft’s (2012)
placed the North Horn Formation in the northwest corner of the Thistle quadrangle significantly
higher than Pinnell (1972) and markedly above the beds of tar sand. They also did not
distinguish any Colton and Green River formation strata in the northern section of the
quadrangle, but mapped some Green River Formation in the southern part of the quadrangle.
Constenius et al.’s (2011) map of the Provo 30’ x 60’ quadrangle to the north shows Flagstaff
Limestone unconformably overlain by Uinta Formation, while Witkin and Page’s (1983) map of
the same area shows Green River and Colton formations between the Flagstaff Limestone and
the Uinta Formation. The map of Witkind and Weiss (1991) is most comparable to that in this
report. Colton and Green River formations were mapped west of the Nugget Sandstone outcrop
as Witkind and Weiss (1991) showed, but Uinta Formation conglomerates, shown by Constenius
et al. (2011), were also mapped and are quite distinctive compared to the Green River Formation.
An attempt was made to correlate Tertiary units using freshwater snail fossils as described by La
Rocque (1960), but this method proved unsatisfactory due to the varying preservation and
distribution of fossils within the units.
Flagstaff Limestone (Tf)
The Flagstaff Limestone is a yellowish gray (5Y8/1) to moderate red (5R 5/4) micritic
limestone, weathering white (N9) and light gray. It is locally oncolitic and often contains fossil
gastropods. The base of the formation is recognized by a persistent switch from dominantly
clastic sediments in the North Horn Formation to carbonates, although there are minor clastics

19

present within the carbonate beds. The transition is usually marked by a change in slope from
gentle to cliff forming, and usually caps ridges. There are minor interbedded sandstone and
pebble conglomerate beds that outcrop above the Nugget Sandstone in the center of the
quadrangle that may correlate to beds of tar sands in the Thistle quadrangle and provide a good
marker unit for the base of the formation. Several minor beds of limestone visually appearing to
be Flagstaff Limestone were present interfingering with the North Horn Formation, but only
when the rocks became persistent limestone was it mapped as Flagstaff Limestone. Harris (1953)
measured 408 feet (124 m) on the north side of Crab Creek (modified using the author’s
contacts). The Flagstaff Limestone is early Paleogene to Eocene in age (La Rocque, 1960; Rich
and Collinson, 1973; Stanley and Collison, 1979; Miller, 1986; Bowen et al., 2008).
Colton Formation (Tc)
The Colton Formation within the study area is a light olive gray (5Y 6/1), yellowish gray
(5Y 8/1), and grayish orange pink (10R 8/2) siltstone with minor (1 m thick) pebble
conglomerate and limestone beds. Oncolites are common throughout the siltstone and limestone
units and range in size from 1 cm to 35 cm. The base is mapped at a poorly outcropping shale
layer above the resistant Flagstaff Limestone. Above the Thistle landslide (Plate 1), the base of
the Colton Formation is present as a distinct light olive gray (5Y 5/2) swelling clay bed, but in
the eastern part of the Birdseye quadrangle this clay bed is not present and moderate red (5R 4/2)
siltstones with thin pebble to cobble conglomerate beds sit directly on the Flagstaff Limestone
(Fig. 7). Harris (1953) measured 537 feet (163 m) on the north side of Crab Creek (modified
using the author’s contacts). The Colton Formation is Eocene in age (La Rocque, 1960).
Green River Formation (Tg)
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Above the Shurtz Lake landslide (Plate 1), the Green River Formation consists of two main
limestone beds separated by minor limestone and siltstone beds, but southward it is composed of
several interfingering beds of limestone and siltstone. The limestone is highly variable ranging
from very light gray (N8) to moderate red (5R5/4). Subangular pebble stringers are common
within it. Limestone beds are locally oncolitic, with oncolites ranging in size from 1-10 cm, and
in places brecciated algal mats are found (Fig. 8). Weathered limestone pebble conglomerate
beds form a moderate reddish brown soil (10R 4/6) with subangular quartzite and limestone
clasts up to 4 cm in size. The section north of Blind Canyon appears more complete than the
section above the Nugget Sandstone. The two limestone beds separated by shales, seen above the
Shurtz Lake landslide, are also present here but the formation also has well-formed stromatolite
heads up to 1 m in size as well as paper shales that weather into clay rich slopes. The base is
mapped at a 6 to 10 feet thick (2 to 3 m) white (N9) to very light gray (N8) limestone bed that is
present in both outcrops. Harris (1953) measured a partial section of 242 feet (73 m) north of
Crab Creek (modified using the author’s contacts). Regionally the Green River Formation is well
dated by several ash beds. However there were no ash beds were identified in the Birdseye
quadrangle mapped Green River Formation. The formation is Eocene in age. Weiss (1982)
reports 40Ar/39Ar dates on biotite, hornblende and K-feldspars in the top of the Green River
Formation in the Sanpete valley at approximately 44-45 Ma. Smith et al. (2008) reported an age
of 48.6 Ma for the Mahogany member of the Green River Formation. Constenius et al. (2003)
obtained a furnace step-heating age > 45.03 ± 0.34 Ma on biotite from a tuff bed within the
Green River Formation. Davis et al. (2008 and 2009) estimate Green River Formation deposition
in central Utah ranging from 48.6 Ma to ~43 Ma.
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Uinta Formation (Tu)
The Uinta Formation is present as a conglomerate with subangular to subrounded
quartzite and limestone clasts ranging from sand to cobbles (Fig. 9a). There are minor sandstone
lenses and beds scattered throughout the unit. It outcrops poorly, with clasts weathered out from
the formation littering gentle to moderate slopes, but resistant conglomerate beds of the Uinta
Formation cap the cliffs above the Shurtz Lake landslide (Fig. 9b). It is differentiated from the
Green River Formation by an increase in clast size and the lack of limestone units. The base is an
unconformity mapped at the transition from a section that is dominantly limestone and siltstone
of the Green River Formation to one dominated by conglomerates. Thickness averages 650 feet
(200 m). Up Crab Creek, and near the Moroni Formation /Uinta Formation contact, there is a
fine-grained white fallout tuff in the uppermost part of the formation. Three single plagioclase
grains gave an age of 46.0 ± 0.3 Ma with other grains of varying age (written communication
Matt Heizler, 2012). While this age may point to a Green River age, the conglomerates below
this tuff layer are not consistent with Green River Formation lithology so the tuff bed was
mapped as part of the Uinta Formation. Regionally problems with Uinta Basin Eocene formation
terminology have been noted by Smith et al. (2008), and Remy (1992), due to interfingering
relationships between facies. This may be a case of the Uinta and Green River formations
interfingering. Constenius et al. (2011) dated tuff beds from an upper conglomerate unit of the
Uinta Formation at 38.9 ± 0.8 Ma and 39.6 ± 0.7 Ma. This implies that the top of the Uinta
Formation in the Birdseye quadrangle is marked by an unconformity, with deposition of the
Moroni Formation beginning sometime after 38 Ma (see Chapter 2). Constenius et al. (2011) also
conclude that the base of the Uinta Formation is unconformable and that Green River and Colton
Formation strata are missing in the Billies Mountain quadrangle. In the Birdseye quadrangle, this
unconformity is present on top of the Nugget Sandstone hogback where the Green River
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Formation is thinner than in other outcrops present north of Dry Creek (Plate 2). The Uinta
Formation is middle to late Eocene in age Constenius et al. (2011).
Moroni Formation
The Moroni Formation was divided into several distinct facies due to significant
differences in composition. This formation is discussed in more detail in the second chapter of
this thesis. Brief descriptions of the facies are included here.
Basal Rhyolite Ash-Flow-Tuff of the Moroni Formation (Tmt)
Mapping around the Birdseye quadrangle revealed a pumice and ash-flow tuff that occurs
in restricted outcrops at the base of the formation (Plate 1). This unit was found in three
localities: the small drainage south of Blind Creek, southwest of the Thistle landslide, and near
the southern boundary of the quadrangle east of Highway 6. It is also present in the Payson
Lakes quadrangle on a peak south of the Blackhawk Campground, in the Nebo Basin quadrangle
up Nebo Creek, as well as in the Indianola quadrangle north of Little Clear Creek. This tuff
ranges in color from a grayish orange pink (10R 7/4) to light gray (N7) (Fig. 10 and 11A). It has
pumice fragments of variable size but they typically range from 5 mm to 15 cm. Euhedral biotite
(up to 1 mm) and anhedral plagioclase are common within the pumice fragments. The
groundmass commonly has 2-3 mm lithic fragments as well as subeuhedral hornblende
phenocrysts (1-2 mm). It outcrops as steep to moderate slopes, but is readily weathered and
commonly argylically altered. Its thickness ranges from 3 to 20 feet (1 to 6 m) within the
Birdseye quadrangle, but appears thicker to the south in the Indianola quadrangle.
Arcosic Fluvial Facies of the Moroni Formation (Tms)
The arcosic fluvial facies of the Moroni Formation within the Birdseye quadrangle
outcrops prominently east of Highway 6 near the Birdseye Latter-day Saint chapel (Fig. 12).
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More subdued outcrops of similar composition can be found in outcrops west of Thistle Creek.
The sandstone is grayish orange pink (5YR7/2) in color and is poorly sorted with channel lags of
gravel composed of volcanic clasts. Grains within the sandstone are very angular and composed
dominantly of quartz, with some sanidine, clinopyroxene and plagioclase grains. Cementation is
variable ranging from poor to moderate. Gravel to cobble sized lag deposits are composed of
approximately 50% volcanic and 50% Paleozoic clasts. Volcanic clasts are mostly similar to
clasts found within the lahar facies (see description below) with the exception of some wellrounded grayish orange pink tuff clasts. The tuff clasts are significantly finer grained than the
basal dacite pumice and ash-flow tuff, and have 1-2 mm quartz, plagioclase, sanidine, and biotite
phenocrysts (Fig. 12E). Pumice fragments within these clasts are also smaller in size, ranging
between 3 and 15 mm, and are glassy and black, altering to a dark yellowish orange (10YR 6/6).
The arcosic fluvial facies tends to form steep slopes to the east of Highway 6 and more moderate
slopes to the west of Thistle Creek. It is approximately 800 feet (240 m) thick directly east of the
town of Birdseye but pinches out to the north and south. Constenius and Dawson (2008)
interpreted this facies as middle Miocene in age because of its minor volcaniclastic component
and similarity to other clastic beds of Moroni Formation exposed in the Indianola quadrangle,
from which a Miocene age camel fossil was obtained. However, mapping within the Birdseye
quadrangle located similar arcosic fluvial facies deposits north of Dry Creek near the base of the
Moroni Formation (Plate 1 and Fig. 13). Additionally, west of Thistle Creek the lahar facies of
the Moroni Formation outcrops above this arcosic fluvial facies. Due to its stratigraphic position
and to sedimentary structures observed in the arcosic fluvial facies, we conclude that these rocks
were most likely deposited as distal braided stream and channel lag gravels near the start of
Moroni Formation deposition, and are not middle Miocene in age. However, based upon the
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camel fossil found by Consenius and Dawson (2008), some middle Miocene sediments are likely
present in the region.
Welded Dacite Tuff of the Moroni Formation (Tmw)
A pale red (5R 6/2) dacite welded tuff with black (N9) fiamme (Fig. 11C &D, Fig. 14)
outcrops North of Blind Creek. It has common lithic fragments up to 1 cm in size as well as 1-2
mm euhedral biotite and subeuhedral plagioclase phenocrysts. The abundance of fiamme is
highly variable with a greater concentration in the lower westernmost outcrops. It is
approximately 120 feet (37 m) thick. However, it interfingers with the lahar facies in places and
changes characteristics to the north, where it is only moderately welded and lacks fiamme.
Lahar facies of the Moroni Formation (Tml)
The lahar facies of the Moroni Formation is the dominant facies found within the
Birdseye quadrangle. It consists of medium gray (N6) to pale brown (5YR 5/2) poorly sorted
angular clasts of andesite to trachyandesite, with minor subangular quartzite clasts (<20%) (Fig.
15). Volcanic clasts commonly have 1-4 mm pyroxene and or plagioclase phenocrysts. The lahar
facies can be clast or matrix supported. It commonly outcrops as steep to moderate slopes and
forms hoodoos along Thistle Creek. The lahar member is approximately 800 feet (249 m) thick
near Blind Canyon, and is at least 480 feet (146 m) thick in the southwestern corner of the
quadrangle but averages less than 200 feet (60 m) thick.
Coarse Grained Fluvial Facies of the Moroni Formation (Tmf)
The coarse grained fluvial facies of the Moroni Formation consists of sand, silt, gravel
and cobbles, with a highly variable clast composition. Volcanic clasts comprise up to 50% of the
clasts, with the other 50% composed of quartzite and limestone (Fig. 16). Volcanic clasts found
within the coarse grained fluvial facies are similar in characteristic to those found within the
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lahar facies. The coarse grained fluvial facies tends to outcrop poorly, weather readily, and forms
moderate slopes. It can form steep slopes where cut by recent erosion such as along Nebo Creek.
In the north central part of the quadrangle it is separated from the lahar member by a 10 to 15
foot thick (3-4.5m) very light gray (N8) tuffaceous to micritic limestone. This limestone is not
present in the southern part of the Birdseye quadrangle, where the fluvial member sits directly on
the lahar member. Its thickness varies but there is at least 600 feet (180 m) present in the
southern portion of the quadrangle. The coarse grained fluvial facies is interpreted as being the
youngest facies of the Moroni Formation within the Birdseye quadrangle. It lies above the lahar
facies in the southern and central portion of the quadrangle. The lesser amount of volcanic clasts
present in the coarse grained fluvial facies compared to the other facies of the Moroni Formation
probably represents a combination of decreased volcanism and or increased input of sediments
from other distal and local sources.
Conglomerate of Crab Creek (Tcc)
The conglomerate of Crab Creek is composed of poorly sorted sand, silt, gravel, and
cobbles. Clasts are dominantly Paleozoic but some Moroni volcanic clasts are present. It is
differentiated from the coarse grained fluvial facies of the Moroni Formation by stratigraphic
position, smaller clast size, and decreased volcaniclastic component (<10%). It ranges in
thickness from 0 to 400 feet thick (0-120 m). The Crab Creek Conglomerate was first used by
Metter (1955) to describe tufa like rocks, algal limestones, and conglomerates outcropping south
of Crab Creek. The outcrops mapped in this report belong only to his conglomerate facies. The
other members he proposed appear to be parts of the North Horn Formation as well as young
glacial sediments. The Crab Creek Conglomerate may correlate with Constenius and Dawson’s
(2008) middle Miocene member of the Moroni Formation.
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Alluvial-fan deposits (QTaf)
The oldest alluvial fan deposits present in the quadrangle are composed of sediments
ranging in size from sand to boulders. The most common clast type is light gray (N7) to light
brown (5YR 6/6) Paleozoic quartzite but there are clasts of Paleozoic limestones, as well as
clasts derived from Tertiary rocks (dominantly North Horn and Moroni formations). These fans
were deposited on units ranging in age from Paleocene to early Oligocene, and are most likely
Oligocene to Miocene in age. Erosional windows into the Moroni Formation are common
throughout these deposits. Many of the windows are too small to show on the geologic map
(Plate 1). The fans were deposited into the Birdseye paleovalley after deposition of the Moroni
Formation and were mapped as Quaternary and Tertiary landslide deposits by Solomon (2010).
However, due to their widespread distribution and lack of characteristic landslide morphology,
they appear to be more appropriately mapped as an alluvial fan deposits. Thickness is variable
but ranges from 0 to 300 feet (0 to 100 m), and decreases in thickness eastward. Average
thickness is approximately 15 feet (4 m). They tend to form moderate to steep slopes and can be
differentiated from the conglomerate of Crab Creek due to larger clast size and increased amount
of quartzite clasts.

Quaternary Deposits
Quaternary sediments within the Birdseye quadrangle are unconsolidated and are
distinguished based on the size, type, and depositional setting of the clastic rocks. Exact ages are
uncertain and based on stratigraphic relationships (Plate 2).
Alluvial-fan deposits (Qaf3)
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These deposits are dominantly sand, silt, and gravel. Their clast composition ranges from
dominantly Paleozoic clasts of sandstone, siltstone, and limestone that is poorly sorted and
stratified in the northern part of the quadrangle, to well-bedded, moderately sorted sand, silt, and
gravel from the North Horn Formation in the southern part. These deposits are 200 feet (60 m)
thick north of Nebo Creek in the southern part of the quadrangle and increase to 450 feet (135 m)
at Nielson Knoll. These deposits tend to form moderate slopes.
Alluvial-fan deposits (Qaf2)
This unit is mapped as poorly sorted and poorly stratified sand, silt, and gravel, in the
center of the quadrangle. Clast composition is variable. It forms moderate to gentle slopes. It is
differentiated from Qaf3 due to smaller clast size and forming more gentle slopes. Deposits
range in thickness from 0 to 100 feet (0 to 30 m).
Youngest alluvial-fan deposits (Qaf1)
These deposits are found mainly at the mouths of drainages and are composed of sand,
silt, and gravel that lack stratification and sorting. Composition depends on source of the
sediments. Deposits are Holocene and perhaps upper Pleistocene in age. Thickness of the
sediments is generally less than 40 feet (12 m) thick.
Alluvium, Undivided (Qa)
Sand, silt, clay and gravel deposits, mapped along Thistle and Bennie creeks. Thickness
ranges from 0 to 50 feet (0 to 15m). Mapped based on flat slopes above current stream level and
unclear stream terrace morphology.
Alluvium and Colluvium (Qac)
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Alluvial and colluvial deposits, consisting of clay to boulder-sized sediments mapped in
the in drainages where flow is seasonal, and or stream channels that cannot be clearly
distinguished from colluvium deposits. Deposits are 0 to 20 feet (0 to 6 m) thick.
Older stream and floodplain alluvium (Qalo)
Sand, silt, clay, and gravel in abandoned channels above current drainages. Composition
depends on the source area. Deposits are 0 to 20 feet (0 to 6 m) thick.
Stream and floodplain alluvium (Qal)
Sand, silt, clay, and gravel in channels and floodplains. Mapped associated with and near
current drainages. Composition depends on the source area. Deposits are 0 to 20 feet (0 to 6 m)
thick.
Stream-terrace alluvium (Qat)
Stream terrace alluvium consists of sand, silt, clay, and gravel in terraces above Thistle
Creek. Clasts composition is highly variable. Deposits are 0 to15 feet (0 to 4 m) thick.
Colluvium deposits (Qc)
Includes slopewash and soil creep deposits. Composition is variable depending on local
bedrock. Thickness is generally less than 20 feet (6 m).
Glacial deposits, older (Qgo)
These lateral and terminal moraine glacial deposits are mapped along the south side of
Crab Creek where they mantle the Moroni Formation as well as North Horn Formation. They are
composed of angular to sub-angular, gravel to boulder-sized, clasts of Diamond Creek
Sandstone, with some Kirkman Limestone, Oquirrh Group, and North Horn Formation clasts.
Clast composition suggests that the glacier from which these sediments derived was at a lower
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elevation than the glacier that sourced the young glacial deposits (Qg), due to lack of Oquirrh
Formation clasts, suggesting an earlier period of glaciation in the Holocene to upper Pleistocene.
Deposits range in thickness from 0 to 150 feet thick (0 to 45m) but averaging 15 feet thick (4 m).
Glacial deposits, young (Qg)
These deposits are glacial-related valley fill on the upper slopes of Mount Loafer, where
they are mapped below glacial scarps. Deposits are composed of clasts from the Granger
Mountain Member of the Oquirrh Formation ranging in size from gravel to boulders. Thickness
ranges from 0 to 300 feet thick (0 to 100 m). These glacial deposits form distinctive hummocky
terrain however lack internal scarps and sag ponds typical of landslide deposits.
Spring and marsh deposits (Qsm)
Spring and marsh deposits are composed of fine, organic-rich sediment associated with
springs. They are often wet in the winter and early spring, but dry in the summer. Some deposits
may locally contain peat as thick as 3 feet (1 m). Deposits are Holocene to late Pleistocene (?) in
age.
Talus deposits (Qmt)
Talus consists of angular debris deposited on the steep, mostly unvegetated slopes of
Loafer Mountain near the peak. Talus is composed of quartzite and limestone from the Granger
Mountain Member of the Oquirrh Formation. Thickness ranges from 0 to 50 feet (15m) thick.
Landslides (Qms)
Slump deposits consist of poorly sorted clay to boulder-sized material characterized by
hummocky topography, main and internal scarps, and chaotic blocks of bedrock. Slump deposits
are the main type of landslide present in the Birdseye quadrangle. Landslide morphology
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becomes subdued with age. Bedrock units most susceptible to mass movement include the
Tertiary Moroni Formation (Tml, Tms), Uinta Formation (Tu), Colton Formation (Tc), and
North Horn Formation (KTn). Thickness of landslide deposits is highly variable. Slides are
Quaternary in age, with the Thistle, Shurtz Lake, and several smaller unnamed landslides
currently or recently active.
Talus and Colluvium deposits undivided (Qtc)
Talus and colluvium deposits are made up of slopewash and soil creep deposits as well as
some angular bedrock fragments. This unit is mapped in 2 places in the North Horn Formation
where slope morphology suggests some redeposition of materials as well as along the east side of
Mt. Loafer where material has been redeposited on the slope. Composition depends on source
bedrock. Sediments were deposited in the Holocene and Pleistocene. It is differentiated from
talus deposits (Qmt) due to the presence of fine clastic sediments. Thickness ranges from 0 to 50
feet (0 to 15m).
Debris Flow deposits (Qmf)
These deposits consist of clay, silt, and gravel deposits from debris flow events. Source
of sediments are from the North Horn (KTn) and Colton formations (Tc). Most events postdate
the 1983 Thistle landslide, but the northernmost debris flow deposit on the Nugget Sandstone
must predate most of the activity on the Thistle slide. Deposits are Holocene in age. Deposits are
0 to 30 feet thick (0 to 10 m) thick.
Human disturbance (Qh)
These deposits have been disturbed by historical human activity. They include cut and fill
material along Highway 6, excavations for ponds, a temporary dam along Thistle Creek, and the
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tailings of the Birdseye Marble Quarry. Thickness is variable but range from 0 to 50 feet (0 to 15
m).
STRUCTURE
Faults
Mapping faults within the Birdseye quadrangle was by no means straightforward. With
the exception of a small fault located within the Twin Creek Limestone, which had only minor
throw, faults are covered by Quaternary deposits and can only be identified by the juxtaposition
of older strata against younger or vice versa. Faults documented by Harris (1953) and Metter
(1955) were examined and many were discarded due to lack of offset beds or unclear
justification. Faults identified to the north by Constenius et al. (2011) were traced as far south as
possible, but these faults are covered by Quaternary units in the quadrangle, if they are present at
all.
Crab Creek fault
Along the Left Fork of Crab Creek, the Diamond Creek Sandstone outcrops significantly
lower on the north side of the creek than it does to the south (Plate 1). Furthermore, beds of the
Meade Peak Member of the Park City Formation do not outcrop on the north side of the canyon.
These relationships point to a tear fault along the left fork of Crab Creek that trends east-west.
This fault does not seem to offset North Horn Formation beds at the mouth of the canyon and, as
such, it is interpreted to be a tear fault that formed during movement along the Charleston-Nebo
thrust. Where Crab Creek cuts through the Tertiary and Mesozoic section there is no offset
present.
Thistle fault
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The Thistle Canyon fault was originally mapped by Peterson (1952) as the Billies
Mountain fault and was renamed the Thistle fault by Harris (1953). Peterson (1952) mapped this
normal fault largely on the presence of a steeply dipping bed of Flagstaff Limestone. The
Flagstaff Limestone bed forms a ledge on Billies Mountain and is present in the valley below
(Fig. 17). Peterson (1952) measured an approximate throw of one third of a mile (530 m) on the
fault using aerial photographs. Harris (1953) extended the fault into the Birdseye quadrangle.
This interpretation was based on Flagstaff Limestone capping the the Nugget Sandstone at an
elevation of 6700 feet and dipping west while similar beds along Thistle Creek are at an
elevation of 5100 feet and dip eastward. He concluded that approximately 1500 feet of throw is
displaced on the Thistle Canyon Fault. Witkind and Weiss (1991) removed the Thistle fault
from their map and instead mapped it as an erosional escarpment. The author agrees with
Harris’s original interpretation of the fault.
On the east side of Highway 6, outcrops of eastward dipping Flagstaff Limestone are at
the same elevation as westward-dipping North Horn Formation on the west side of Thistle Creek.
Additionally, Green River and Uinta formation strata near Cottonwood Spring are at the same
elevation as North Horn Formation on the west side of the creek (Plate 1). The Thistle fault is
also necessary to provide a mechanism to form the prominent monocline on the east side of the
Birdseye quadrangle. The exact location of the fault is unknown due to Quaternary sediments
concealing the fault except in the Moroni Formation where a linear feature that appears to be the
fault can be traced. This feature is present east of Highway 6 at approximately 57° 30’ (Plate 1).
West of the linear trace and east of Thistle Creek, Moroni Formation lahar facies is broken up
and shows signs of faulting. The Thistle fault is largely assumed to trace the current drainage of
Thistle Creek. Timing of movement on the fault will be covered in the “Discussion” section.
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Birdseye fault
Harris (1953) shows a several normal faults along the eastern side of the Birdseye
quadrangle displacing the Flagstaff Limestone that he named the Birdseye fault but is more
appropriately called a fault zone. This was mapped based on the top of the North Horn
Formation being significantly higher east of the Birdseye quadrangle and several small offsets in
the Flagstaff Limestone. In the Thistle quadrangle the base of Flagstaff Limestone is at 7800
feet (Pinnell, 1972). On the east side of the Birdseye quadrangle the base of the Flagstaff
Limestone outcrops at 7000 to 6000 feet (Plate 1). At least 2000 feet of total offset on the
Birdseye fault zone is present. The easternmost fault in the zone has the most displacement.
These faults are part of a larger structural feature that is discussed in folds. Timing of movement
on the fault will be covered in the “Discussion” section.
Cottonwood Spring fault
East of Highway 6 and north of Dry Creek Canyon a normal fault was identified that will
be referred to as the Cottonwood Spring fault. This fault juxtaposes Uinta and Green River
formation strata against North Horn and Flagstaff formation rocks. These formations while
difficult to distinguish were identified based on the presence of several well formed
stromatolites. Stromatalite beds are a distinctive regional characteristic of Green River
Formation beds and were only present in mapped Green River Formation rocks within the
Birdseye quadrangle. The actual fault trace is partially covered by landslides, as well as
sediments from a small creek. East of the fault only the North Horn and Flagstaff formations are
present. On the footwall of the fault a more complete Tertiary section is present containing
Colton, Green River and Uinta formation rocks. To preserve these younger rocks on the footwall
while removing them from the hanging wall, faulting must have occurred after deposition of the
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Uinta Formation. The Moroni Formation exists only on the hanging wall of the fault, and its
deposition appears to be limited by the fault as no outcrop or clasts of volcanic rocks are present
to the east. This places movement on the fault at approximately 43- 38 Ma. It is unclear how and
if this fault is associated with the Thistle fault.
Little Diamond Fork Fault
Constenius et al.’s (2011) mapping in the Spanish Fork Peak quadrangle shows normal
faults at the base of the Grandeur Member of the Park City Formation and at the top and base of
the Kirkman Limestone. The normal fault at the top of the Kirkman limestone has a variable
trend while the other faults trend generally north to south. Constenius and Dawson (2008) use
these faults to justify the presence of an extensional half graben in which the Moroni Formation
was deposited. Rawson (1957) did not map these contacts as faults. Mapping in the northern
section of the quadrangle showed no evidence of faulting at the Kirkman Limestone contacts but
did reveal karst features. If present, Constenius et al.’s (2011) Kirkman Limestone faults do not
extend into the Birdseye quadrangle. Mapping in the northern part of the quadrangle found a
fault that offsets beds within the Meade Peak Member of the Park City Formation, but the
surface trace of this fault is unclear to the south where it is covered by the Tertiary section.
Evidence suggests that this fault extends to the south. Approximately half a mile (1 km) to the
south of the offset in the Meade Peak beds is a block of Flagstaff and North Horn formations that
dip 24° to the east deposited along the Grandeur Member of the Park City Group (Plate 1).
These beds are separated from the rest of the Flagstaff and North Horn formations by a normal
sequence of Moroni, Uinta, Green River and Colton formations. This relationship led to
Constenius et al.’s (2003) interpretation of a bowl-shaped half graben. One key unit in this
interpretation was the repetition of Uinta formation west of the isolated Flagstaff and North Horn
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Formation. Mapping has shown that Constenius et al.’s (2003 and 2011) uppermost Uinta
Formation contains clasts of Moroni Formation volcanic rocks and therefore postdates the
Moroni Formation and cannot be the Uinta Formation. This means that the bowl-shaped half
graben interpretation is erroneous and another solution is needed. In order to restore the
westward dipping Tertiary beds to a position near horizontal and to restore the offset Flagstaff
and North Horn formations, a normal fault that trends north south, similar to the Little Diamond
Fork fault, is needed (Plate 2). This fault appears be within the weak shales of the Meade Peak
Member, north of Crab Creek, but its location is covered to the south of Crab Creek. Timing on
the fault must postdate deposition of the conglomerate of Crab Creek and the Moroni Formation
and therefore is post Eocene.
Loafer Mountain faults
Three normal faults on the top of Loafer Mountain were identified largely from mapping
to the north (Constenius et al., 2011) of the Birdseye quadrangle. Direct evidence of faulting on
the easternmost and westernmost faults is lacking but their approximate location was mapped by
extending them from Constenius et al.’s (2011) map. The fault in Maple Canyon is marked by a
change in bedding dips from one side of the valley to the other. The fault trace is concealed by
glacial cover to the south. Timing of these faults is poorly constrained but is most likely related
to Basin and Range faulting (14 Ma to the present).
Folds
Birdseye monocline
As mentioned above, Harris (1953) identified a series of faults on the eastern side of the
Birdseye quadrangle that he mapped as the Birdseye fault. Clear offset can be seen along some
of these faults, particularly by following the outcrop of the Flagstaff Limestone. However, map
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relations on both sides of the structures show that the faults are also part of a larger structure. On
the east of Harris’s Birdseye fault, beds of North Horn Formation are nearly horizontal. In the
Thistle quadrangle beds of Flagstaff Limestone outcrop at an elevation of 7800 feet and are also
nearly horizontal. This differs significantly to the west of this structure where North Horn and
Flagstaff formation beds dip between 32 and 51 degrees to the northwest (Plate 1) and where the
Flagstaff Limestone beds are at 6000 feet. A similar relationship can be found to the south where
relatively flat North Horn Formation beds progressively dip more steeply to the southwest. These
relationships point to the presence of a monocline. This interpretation fits well if this fold is a
continuation of a regional structure, the Wasatch monocline, which outcrops to the south of the
Birdseye quadrangle in Sanpete Valley (Fig. 18).
Speiker (1949) described the Wasatch monocline as a westward-facing fold that forms
the west flank of the Wasatch Plateau. Based on outcrop relationship present within Sixmile
Canyon, Speiker dated three episodes of movement “the first of these may be dated locally as
pre- Price River, the second as pre-Flagstaff, and the third as post-Crazy Hollow.” The
monocline therefore was active in the late Cretaceous, and throughout the Eocence. Guilland
(1963) and Witkin and Page (1984) interprets the anticline as a compressional feature formed
during the Laramide orogeny and resulting from diapiric movement in the Arapien Shale. Recent
work by Judge (2007) interprets the monocline as being formed by extension rather than by
diapirism. She constrained the formation of the monocline to ~40 Ma based on contact
relationships with the formation of Aurora, a volcanic unit 40Ar/39AR dated at 38.0±0.2 Ma.
Schelling et al. (2007) interpret formation of the Wasatch monocline due to movement along the
ancient Ephraim fault, a normal fault that was active during the deposition of the Jurassic
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Arapien Shale, reactivated in the Neogene, and possibly active during the Cretaceous
emplacement of the Sevier thrusts.
Most of the work done on the Wasatch monocline has been limited to the Sevier Valley.
Runyon’s (1977) mapping of the Indianola quadrangle showed the monocline ending at Little
Dry Creek Canyon. This is largely due to an Eocene-aged normal fault within the canyon that
displaced the monocline trace. By extending the trace of the monocline northward, the Birdseye
monocline may be interpreted as the northernmost part of the Wasatch monocline. There is one
unique feature of the Birdseye monocline and that is its shape. Rather than a linear trend like the
Wasatch monocline to the south, the Birdseye monocline has a sharp bend (Fig. 18).
DISCUSSION
As stated in the introduction three methods of deformation have been proposed for the
structures in the Birdseye quadrangle: diapiric movement of the Arapien Shale; Sevier thrusting
overprinted by Basin and Range extension; and Sevier thrusting with Miocene Basin and Range
extension. All of these methods were examined by the author and details supporting or
disproving the method of deformation is discussed below.
Witkind and co-workers wrote several articles (Witkind, 1982, 1983, 1986, 1987, 1994,
1999; Wikind and Page, 1983; Witkind and Weiss, 1991) proposing the diapiric ascent of the
Arapien Shale was the main mechanism for deformation in central Utah and in the Birdseye
quadrangle. Two specific examples near the Birdseye quadrangle are stated in Witkind’s 1986
paper. The first example is apparent intrusion of Arapien Shale into the Twin Creek Limestone in
the road cut above the old town of Thistle, and the second example is the near-vertical attitude of
Flagstaff Limestone beds just east of the Billie’s Mountain road cut (Fig. 17). However, neither
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location has conclusive evidence for Arapien Shale involvement. The exposure of supposed
Arapien Shale intruding into Twin Creek Limestone has been altered since Witkind’s original
photograph, due to widening of the road, which reveals that it is a simple S-shaped fold within
the Twin Creek Limestone. The S-shaped fold has a fold axis parallel to the orientation of the
Charleston-Nebo thrust. It is therefore likely that the fold was formed by thrusting and not the
Arapien Shale intruding from below the thrust. The near-vertical block of Flagstaff Limestone
was examined as well. Witkind (1986) notes three other possible mechanisms for the orientation
of tilted strata in the area; drag along normal faults, uplift and tilting of strata along a fault block
involved in movement on the Wasatch Fault zone, and post-depositional compaction and
consolidation of North Horn and younger strata. The proximity of the vertical Flagstaff
Limestone bed to the Thistle fault strongly suggests normal fault involvement in the deformation
of the Flagstaff Limestone bed. Witkind (1986) also implies Arapien Shale involvement in the
Thistle Landslide. No evidence of this has been found. Any diapiric involvement of the Arapien
Shale in the Thistle landslide requires Arapien Shale from the basal decollement of the
Charleston-Nebo thrust to intrude upwards into overlying strata (Fig. 2d). Although conclusive
exposures are not available, it unlikely that Arapien Shale was involved in the landslide; the
incompetence of North Horn Formation strata is the primary cause.
The Arapien Shale in the Birdseye and Thistle quadrangles is composed of finely bedded
siltstone and shale that exhibit near planar bedding, dipping approximately 55° to the east,
similar to dips found within other units in the area (Plate 1). No clear diapiric deformation of
these beds was found. In addition, mobile evaporite deposits have not been found within the
Birdseye and Thistle quadrangles with one possible exception. Constenius (personal
communication, 2012) found a bowl-shaped topographic depression within the Moroni
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Formation that he interpreted as a salt collapse structure. This structure is located in the Birdseye
quadrangle at approximately at 39° 57’ 28.46” N 111° 31’12.87”W. While a partially closed
depression exists, there is little evidence of it being a salt-related structure; it may also be
interpreted as simply an erosional feature. Lack of salt-related features within the Birdseye
quadrangle contrasts with Arapien deposits farther south where evaporite deposits compose a
significant part of the Arapien Shale. Due to lack of direct evidence of deformation in the
Arapien Shale, diapiric movement is very unlikely to be the main mechanism for deformation
within the Birdseye quadrangle.
With the rejection of the Arapien Shale model, the most plausible mechanism of postSevier deformation within the Birdseye quadrangle is extension, yet timing of extension is poorly
constrained. Timing can be constrained by examining the depositional setting of the Tertiary
section and its restoration to an undeformed state.
The early part of the Tertiary section represents the infilling of the foredeep basin formed
during Sevier thrusting (Stanley and Collison, 1979). The oldest Mesozoic and Tertiary unit
present in the Birdseye quadrangle is the North Horn Formation. The North Horn Formation has
been related to the last phase of Sevier deformation, specifically to debris shed from the
Gunnison thrust as well as the Charleston-Nebo thrust (DeCelles et al., 1995). Sediments eroded
from ridges of the thrust were carried by streams and rivers and re-deposited along the piggyback
basins. In the late Paleocene to early Eocene, Lake Flagstaff formed and shallow freshwater
carbonates were deposited between the active thrusts and the rising San Rafael Swell. The
Birdseye quadrangle appears to have been near the shores of the lake. Thin limestone beds near
the top of the mostly fluvial North Horn Formation, an overall thin section of Flagstaff
Limestone, a thin section of the Colton Formation, and interfingering thin limestones and clastics
40

in the Green River Formation all support the idea that this area was close to the margins of the
lake. Lake depth was influenced by climate as well as by drainage patterns. Davis et al. (2008a)
show that water overflowed the Wyoming Green River lakes and changed the O isotope
composition of carbonate within Lake Flagstaff. Carbonate beds within the Birdseye quadrangle
were only deposited during lake high stands. A retreating lake level during the deposition of the
Colton and Uinta formations allowed fluvial clastics to be deposited.
Throughout the late Paleocene and early to middle Eocene, topography of the Birdseye
quadrangle consisted of a highland of folded and faulted Paleozoic rock in the northwestern
corner with Tertiary rocks filling in a shallow basin and covering Mesozoic rock. Within the
quadrange, the widespread shallow-water deposition of the Green River and Flagstaff formations
dictates that topography in the local basin was generally subdued, however regional Laramide
deformation was creating localized uplifts, and depocenters.
However, a more complete, thicker Green River Formation section on the eastern side of
the quadrangle, compared to that present on top of the Nugget Sandstone to the west, signals the
uplift of the Uinta Mountains, providing the coarse clastic material of the Uinta Formation. The
author interprets this change in the middle to late Eocene as a change from a tectonically quiet
period to a period of extension.
The cause of this change remains unclear. Regional studies of the area cite a shift in
tectonics at this time. Constenius et al. (2003) point out that 25 km to the northwest in the Tie
Fork syncline, strata as young as the Green River and Uinta formations were involved in a thrust
formed during the second phase (79-40 Ma) of shortening of the Charleston-Nebo thrust. In the
Birdseye area he links the formation of half grabens, later filled with the Moroni Formation, to
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extensional collapse of the thrust belt. To the south, Judge (2007) dated the formation of two
backthrust-related monoclines to be 42-41 Ma, but interpreted structures present within the
Wasatch monocline to be extensionally related.
Evidence within the Birdseye quadrangle shows that the middle-to-late Eocene tectonic
shift is extensionally related. Evidence of extension is dominantly based on reconstructions of
the early Tertiary section, primarily the Flagstaff Limestone. Dip relationships and outcrop
patterns of the Moroni Formation differ from the rest of the Tertiary section, however they still
support this interpretation.
The Flagstaff Limestone in the central part of the Birdseye quadrangle dips to the west
and is present at a variety of elevations (Plate 1). This is in stark contrast to its orientation and
position on the margins of the quadrangle. In the Payson Lakes quadrangle it is nearly horizontal
with a slight dip to the north, and ranges in elevation from 8000 feet to 7400 feet (unpublished
mapping by the author). In the Thistle quadrangle, Flagstaff Limestone is nearly horizontal at
elevations above 7400 feet (Pinnell, 1972). Assuming a nearly horizontal deposition of the
formation, to get it to its current elevation in the central part of the Birdseye quadrangle, which is
as low as 5400 feet, it must be dropped approximately 2000 feet. The Colton and Green River
formations show similar relationships although they have not been mapped immediately east of
the Birdseye quadrangle and have most likely been removed by erosion. The Moroni Formation
was deposited unconformably on these earlier formations, constraining the timing of deformation
between 40-35 Ma. Thrusting and extension are the two possible mechanisms for this
deformation.
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Middle-to-late Eocene Sevier-related thrusting was examined as a possible mechanism
for the down-dropped Flagstaff Limestone through Moroni Formation blocks. Several lines of
evidence argue against this as the cause of structural complexity. First, by the early Tertiary,
sedimentation patterns imply that thrusting was largely over. Flagstaff, Colton, and Green River
formation rocks lack the coarse clastics that would be expected if the Charleston-Nebo thrust was
active. Furthermore, the North Horn Formation was being deposited on an unconformity on
steeply dipping Jurassic and Triassic strata, demonstrating that by the time of its deposition the
deformed Mesozoic strata had been eroded. This limits any deformation caused by thrusting
during this time to rocks of the Park City Group and older formations.
A late Sevier or Laramide backthrust within the Mesozoic section could potentially
deform the Tertiary section into its current geometry. Regionally Constenius et al. (2003) has
identified the Arapien Shale, Thaynes Formation, and Woodside Shale as the main units where
decollements for thrusting formed within the Charleston-Nebo thrust. Projection of these units in
the subsurface (Plate 2) shows that their position roughly corresponds to deformation within the
Tertiary section and that a backthrust could be located within them. However, Rawson (1957)
did not find any signs of thrusting in the Spanish Fork Peak quadrangle where these units outcrop
on the surface. A backthrust also disagrees with previous work on the Wasatch monocline in the
area (Witkind and Page, 1984; Judge, 2006; Schelling et al., 2007) attributing the formation of
the monocline due to reactivation of a normal fault. However, there are few publications on the
structure of the monocline and how it was formed.
Extension appears to be the most likely mechanism for the current geometry of the
Tertiary section. The position of the Arapien Shale, Thanes Formation, and Woodside Shale in
the subsurface roughly corresponds to deformation of the Tertiary section. Deformation within
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these beds could result in the geometry of the structures present in the current day. If Sevier-aged
thrust faults in these units were reactivated by extension as Constenius et al. (2003) claims,
restoration of the units only requires displacement along normal faults. However timing of the
extension still remains undetermined. Regional work also supports this interpretation. Rawson
(1957) showed multiple normal faults and some that predate the main Wasatch fault in the
Spanish Fork Peaks quadrangle. Young (1976), in the Billies Mountain quadrangle, identified
normal faulting that could date to the Oligocene. In discussion of the central Utah thrust belt,
Schelling et al. (2007) divide the area into several structural provinces: the Charleston Nebo
salient, Gunnison sector, and Salina sector (Fig. 18). Within the Gunnison sector, after deposition
of the Green River Formation, reactivation of the Ephraim fault system is interpreted as the
mechanism that formed the Wasatch monocline (Schelling et al., 2007). While the Ephraim fault
system is not mapped north of the Charleston Nebo salient, it shows that regional extension was
occurring synchronously with the formation of the Birdseye monocline and co-genetic Wasatch
monocline.
The shape of the Birdseye monocline also provides insight into the extension of the
region. Constenius et al.’s (2003) interpretation of structures present within Diamond Fork
Canyon is that faults in the Thaynes Formation and Woodside Shale were reactivated by
extension, forming a graben. Extension within these units largely dies out in the Spanish Fork
Peaks quadrangle, north of Birdseye. Dips on the Paleozoic and Mesozoic strata in the northern
part of the quadrangle are relatively steep (45-55°). This contrasts to well control provided by
the Federal I-J9 well in the southwestern corner of the Thistle quadrangle. It shows that Arapien
Shale and Nugget Sandstone are present in the subsurface near sea level, which is considerably
higher than shown in Constenius et al.’s (2003) cross section to the north (Fig. 2b). This is due to
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flattening of the beds within the Charleston-Nebo thrust in the southern part of the quadrangle.
This flattening allowed extension to be distributed over a broader area. This contrasting
distribution of extension resulted in the bend of the Birdseye monocline.
Another period of erosion or non-deposition followed Uinta Formation deposition and is
recorded as an angular unconformity between the top of the Uinta Formation and the base of the
Moroni Formation. Eventually, just to the west of the study area, a complex of strato-volcanoes
created a highland area that allowed the volcanic debris from the East Tintic region to funnel
through valleys in the Paleozoic highlands and into the Birdseye basin. Extension, if present, in
the Mid-Tertiary was relatively minor and restricted to the Thistle Fault.
The Moroni Formation was examined for the bowl-shaped half-grabens that Constenius
et al. (2003) describe. No consistent evidence of these structures could be found, although beds
of the Moroni Formation along Thistle Creek and north of Dry Creek do dip to the east and west
respectively. These dip variations appear to be due to offset along the Thistle fault. The Thistle
fault cuts the Moroni Formation so that some movement on the fault must postdate 34.6 Ma. East
of Thistle Creek, the Moroni Formation was unconformably deposited on deformed Flagstaff and
North Horn formations. There must also have been some movement on the Thistle fault prior to
the deposition of the Moroni Formation to deform Flagstaff and North Horn formation strata. In
the northern part of the quadrangle, Moroni Formation deposition appears spatially linked to
normal faults. The Moroni Formation crops out between the Little Diamond Fork and Thistle
faults. This trend continues northward where Moroni Formation deposits are present in
Wanrhodes Canyon along the Little Diamond Fork fault and near the peak of Billies Mountain
(Constenius et al., 2011). These deposits are on downthrown blocks, and are east of the Thistle
fault. With the exception of Moroni Formation near the Thistle fault, dips in the Moroni
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Formation show no consistent pattern of deformation and are more likely the result of the
Moroni Formation filling in an early Birdseye valley. This is especially evident on the west side
of the quadrangle where the Moroni Formation is unconformably deposited on the Diamond
Creek Sandstone. This implies that erosion of the early Tertiary section occurred prior to
deposition or the Moroni Formation.
CONCLUSIONS
Exposures of Arapien Shale near, and within, the Birdseye quadrangle show no evidence
of diapiric movement. Arapien Shale involvement in the deformation of Tertiary rocks in the
center of the quadrangle is therefore unlikely. Changes in the pattern of sedimentation of
Paleocene to Eocene age rocks suggest changes in tectonics during this time. Restoration of the
Flagstaff, Green River, and Colton Formations shows that the most plausible mechanism for this
deformation is extensional reactivation of thrust faults in the Arapien Shale, Thaynes Formation,
and Woodside Shale as indicated by the restoration of blocks of Flagstaff and North Horn
Formations. While it is possible that some Eocene extension was caused by local crustal
relaxation following the end of Sevier and Laramide compression, this could not have been
significant. Later, the build-up of a large strato-volcano complex immediately to the west
became a highland area from which volcanic detritus could be shed into the basin to the east,
meaning that any Eocene extension was limited. Prior to development of this highland area to
the west, erosion or non-deposition was occurring in the Moroni Formation depositional basin as
evidenced by the unconformity between the Moroni Formation and the formations beneath it.
The Moroni Formation, which has been previously used to justify extension, does not show
evidence of growth strata typical of deposition into an actively extending basin, but instead
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exhibits deformation only along the Thistle fault with other minor dip changes a result of
paleotopograpy.
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CHAPTER 2 THE MORONI FORMATION: SOURCE IN THE EAST TINTIC MOUNTAINS
INTRODUCTION
Disagreements over the timing and nature of extension within the Basin and Range
Province remain, despite considerable study. Several workers (Zoback et al, 1981, Coney, 1987,
Hodges and Walker 1990, Livacardi 1991, Constenius, 1996, Rahl et al., 2002) use localized
evidence of extension to make a case for a widespread mid-Tertiary extensional collapse of the
Sevier Fold and Thrust Belt. Best and Christiansen (1991) argue that mid-Cenozoic extension
was limited and localized. How widespread this extension was and its nature is important for
understanding the tectonic evolution of western North American and the Basin and Range
Province in particular.
The Moroni Formation within the Birdseye 7.5 minute quadrangle offers insights into this
period of extension. The main conclusion of this study is that at approximately 35 Ma, deposition
of Moroni Formation volcaniclastic rocks was strongly influenced by pre-existing topography.
Furthermore, clasts within the Moroni Formation share chemical characteristics that strongly link
them to volcanic rocks from Long Ridge and the East Tintic Mountains, contemporaneous
volcanic fields to the west. This implies that paleovalleys connected the East Tintic Mountains to
the northern end of modern-day Sanpete Valley. It also implies that mid-Tertiary extension (see
Chapter 1) was not significant enough to impose topographic barriers to sedimentation.
Geologic Setting
The Moroni Formation is a series of tuffs, dikes, and volcaniclastic sedimentary rocks,
found within central Utah (Fig. 19). The distribution of the Moroni Formation is largely bounded
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on the west by the southern Wasatch Mountains and on the east by the Wasatch monocline and
lies mainly within the northern end of Sanpete Valley. Volcanic centers and volcanic rocks near
the deposits of the Moroni Formation include: the Bingham center 39-37 Ma (Redmond and
Einaudi, 2010), Keetley 37-33 Ma (Borrok et al., 1999), East Tintic 37-33 Ma (Keith et al.,
1991), Goldens Ranch 38 Ma (Clark, 2003), and Levan 23 Ma (Witkind and Marvin, 1989 and
Auby, 1991) (Fig. 19). The Moroni Formation lies in the transition zone between the Basin and
Range Province and the Colorado Plateau.
This region experienced significant deformation from the late Jurassic to Eocene
(DeCelles, 2004). Precambrian basement to Mesozoic sedimentary rocks were thrust eastward on
shale and evaporite decollements, forming the central Utah thrust belt, including the CharlestonNebo thust. Several workers have proposed that thrusting was followed by the extensional
collapse of the fold and thrust belt during the middle Eocene to early Miocene (49-18 Ma)
(Zoback et al., 1981; Coney, 1987; Hodges and Walker 1990; Livaccari, 1991; Constenius, 1996;
Rahl et al., 2002). This period was followed by more pronounced Basin and Range extension
beginning in the Miocene (21-17 Ma) and continuing today (Constenius et. al, 2003).
Approximately 39-30 Ma, a series of calc-alkaline igneous rocks was emplaced in central
Utah (Vogel et al., 2001). This pulse of middle Cenozoic magmatism has been attributed to the
subduction of a low-angle slab of oceanic crust followed by slab rollback (Best and Christiansen,
1991). Alternatively, it has been correlated with the middle Eocene to early Miocene collapse of
the Sevier fold and thrust belt (Constenius 1996). While there may be some connection between
the middle Cenozoic magmatism and the extensional collapse, Best and Christiansen (1991)
found poor correlation between extension and volcanism within the Great Basin but suggest that
volcanism may have been accompanied by localized extension.
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The Moroni Formation was limited in extent by the extensional collapse of the thrust belt,
and Basin and Range extension further affected the formation. Regional mapping by Witkind and
Weiss (1991) (Fig. 18) shows that Moroni Formation deposits range in elevation from 1600 to
2500 meters (5500 to 8100 feet). In the Payson Lakes region, young Basin and Range-related
faulting and erosion has broken the Moroni Formation into two separate outcrop belts (Fig. 19).
Regional Studies
The Moroni Formation was named by Schoff (1937) from outcrops at Moroni Cliff in the
Cedar Hills (Fig. 19) where he divided the formation into five units. The lower units consisted of
volcanic conglomerate and green sandstone. The upper units were two ash-flow tuffs capped by
a sill. Cooper (1956) later defined the type area for the Moroni Formation north of the town of
Moroni (T14S, R3E, Sec. 13-14) and formalized the name. His work showed that the Moroni
Formation consisted of 600 meters of volcanic and volcaniclastic rock with several
unconformities within it. The lower half was mainly stream and fluvially reworked sedimentary
rocks, while the upper half consisted of welded ash-flow tuffs. Cooper (1956) redefined Schoff’s
(1937, 1951) units into six members: a locally restricted 70-m thick white volcanic ash fall, a 20
to 430 m thick regionally extensive unit with a lower sandstone and siltstone made of volcanic
clasts and an upper coarse volcanic conglomerate, a 30-m thick unit of a fluvially reworked tuff,
a 61-m thick ash-flow tuff, a 15-m thick black welded ash-flow tuff, and an upper unit grading
from welded ash-flow tuff to a loosely consolidated tuff. Albrecht (2001) measured sections near
Moroni Cliff (Fig. 19) and chemically analyzed the volcanic rocks. She modified Cooper’s
(1956) units to consist of eight members. Ziga (2006) studied the Moroni Formation in and near
Salt Creek Canyon, approximately 30 km to northeast of the town of Moroni. He interpreted the
formation as a succession of volcaniclastic sedimentary rocks, pyroclastic fall deposits, and
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locally derived lava flows, as well as a trachyte dike and associated trachytic-block-and-ash-flow
deposits. He also completed a geochemical study of some of the volcanic clasts and tuff beds
present within the Moroni Formation.
Published ages of the Moroni Formation show considerable variance. Breininger (1984)
did a paleomagnetic study near Cooper’s (1956) section north of Moroni and concluded that the
formation was deposited approximately 40-45 Ma. Witkind and Marvin (1989) obtained K-Ar
ages ranging between 30.6 and 37.8 Ma from volcanic clasts and tuff beds in the Moroni
Formation from Salt Creek Canyon, Birdseye, Indianola, and north of Moroni. Albrecht (2001)
reported K-Ar dates from clasts and tuffs at the Moroni Cliff ranging from 34.3 to 38.7 Ma. Ziga
performed K-Ar dating on biotites from two Moroni Formation tuff beds and one clast from near
Salt Creek Canyon. One tuff bed did not have a well-constrained plateau but was interpreted as
older than 36 Ma due to crosscutting relationships with a dike. A tuff clast from his EM3 unit
yielded an age of 34.5+ 0.1 Ma. He also dated a tuff bed at 23.1+ 0.1 Ma. Constenius et al.
(2003, 2011) published several ages from Moroni Formation volcanic rocks in surrounding areas
ranging from 34 to 37 Ma. He also suggested that the formation be divided into an upper and
lower unit based on the presence of a Miocene camel fossil found northeast of Indianola, thought
to be approximately 17 to 23 Ma (Constenius and Dawson, 2008). Based upon selecting the best
ages from all the available dates, it appears that the Eocene portion of the Moroni Formation has
an age of approximately 34-38 Ma.
While much is known about the Moroni Formation, a definitive source for the volcanic
clasts remains enigmatic. Phillips (1962) in a discussion of regional volcanic rocks, attributes the
Moroni Formation to several igneous centers, ranging between the towns of Springville and
Levan. Young (1976) thought that Moroni clasts were derived from volcanism near the
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Wanrhodes Canyon area due to some volcaniclastic deposits. However these deposits are ashflow tuff and reworked volcanic sediments of the Moroni Formation and were not erupted locally
(Constenius et al. 2011). DeVries (1990) concluded that the Moroni Formation tuffs were most
likely derived from the dike near Salt Creek Canyon or a source in the Cedar Hills; however, he
discounted an East Tintic source for Moroni Formation clasts based on age data from Witkind
and Marvin (1989) and because the East Tintic volcanic rocks were less evolved showing less
SiO2 and higher TiO2 Al2O3, FeO, P2O5 than volcanic tuffs in the Moroni Formation. Albrecht
(2001) concluded that the volcaniclastic sediments of the Moroni Formation, in the Cedar Hills
area, may have been funneled through a paleovalley from a northern source. Ziga (2006)
attributes the Moroni Formation to multiple sources, with the East Tintic volcanic complex being
one possible source. He thought that the tuff bed he dated at 23.1 Ma was derived from 23 Ma
intrusive rocks near Levan (Witkind and Marvin, 1989 and Auby, 1991). Witkind and Marvin
(1989) suggested that the Moroni Formation is equivalent to the Goldens Ranch Formation based
on similar depositional settings and ages of the formations. Clark (2003) dated ash-flow tuffs in
the Goldens Ranch Formation at 38 Ma, and he states that the tuffs in the Moroni Formation
could be temporally equivalent to the 34.83 ±0.15 Ma Fernow Quartz Latite in Sage Valley.
Mapping in and around the Cedar Hills (Schoff 1937, 1951; Runyon, 1977; Hawkes, 1980;
Banks, 1991; Jensen, 1988; Ziga, 2006) has identified only the Pole Canyon dike as a possible
eruptive vent for some of the Moroni Formation volcanic rocks (Figure 19). There have been no
other identified volcanic vents and only Ziga (2006) claims to have found evidence of lava flows
within the Moroni Formation section. In short, no clear consensus exists as to the source of the
volcaniclastic rocks, but several workers have suggested that they may come from the East Tintic
Mountains.
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Previous mapping has shown that approximately one third of the Birdseye quadrangle is
overlain by the volcanic and volcaniclastic rocks of the Moroni Formation (Witkind and Weiss
1991). However, how the Moroni Formation in the Birdseye quadrangle correlates to the other
Moroni Formation deposits in the region is unclear. Constenius and Dawson (2008) concluded
that the Moroni Formation has two distinctive parts: a lower Eocene – Oligocene unit comprised
of interbedded volcaniclastic debris flow and fluvial deposits and an upper Miocene braided
stream deposit. Sandstone beds within the Birdseye quadrangle have been attributed to the upper
Miocene deposits (Constenius and Dawson, 2008) while other conglomerate beds are interpreted
as the Oligocene member, but justification for this relationship remains ambiguous.
Opposing dips of Moroni Formation beds on either side of Thistle Creek have been used
as evidence for an extensional graben, and gradual flattening of stratal dips within the Moroni
Formation has been interpreted as growth strata within a contemporaneous graben (Constenius,
2003). The deposits of the Moroni Formation may have key implications for the timing and
formation of structures in the region. In addition, its relationship to other volcanic centers and
structures in the area remains ambiguous.
METHODS
Chemical analyses
Volcanic rock samples were collected and analyzed for major and trace element
composition by X-ray fluorescence spectrometry (XRF) using a Rigaku Primus II at Brigham
Young University. Samples were broken with a rock hammer to remove weathered surfaces and
to remove altered portions. Samples were then checked for calcite contamination and alteration
of phenocrysts. Selected chips were crushed in a tungsten-carbide shatter box. Powdered samples
were dried at ~100 ºC overnight to drive off excess moisture. Loss on ignition was determined by
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heating ~2 g of powder at 1000 ºC for at least 4 hours and recording the weight of the remaining
powder. Glass discs were made using a lithium metaborate flux, CsI, and LiNO3. The powder
mixture was melted in an electric furnace, then poured into a platinum mold and rapidly cooled.
Pressed powder pellets were made using ~2 grams of dry powder with a binder that was
compressed under 20 tons of pressure in an aluminum case. Both the fused discs (major
elements) and the pressed powder pellets (trace elements) were used for X-ray fluorescence
spectrometry to determine major and trace element compositions. Average compositions of
standards are available from E.H. Christiansen (http://www.geology.byu.edu/faculty/ehc/). The
composition of the samples can be found in Table 1 and sample locations are plotted in Figure
20.
40

Ar/39Ar dating
A total of five samples from tuff units were dated by 40Ar/39Ar techniques by the New

Mexico Geochronology Research Laboratory. Sample TM-DLB-2/21/12A was dated using
sanidine, while the others were dated using plagioclase (TM-DLB-2/21/12B, TM-DLB-7/19/1101A, TM-10/12/11, and TM-DLB-7/15/11). A tuff bed that is attributed to the Uinta Formation
(TM-10/12/11) had 3 plagioclase grains that gave an imprecise, approximate age of 46 Ma. The
basal rhyolite ash-flow tuff (TM-DLB-7/15/11) in the Moroni Formation returned an age of 39.0
± 0.3 Ma from 3 plagioclase grains. Another sample of this tuff from south of Dry Creek (TMDLB 7/19/11) was dated at 35 ± 4 Ma but was heavily altered. A tuff clast present in the arcosic
fluvial facies (TM-DLB-2/21/12A) has an age of 34.7 ± 0.3 Ma. The welded dacite tuff (TMDLB-2/21/12B) yielded an age of 34.8 ± 0.3 (written communication Matt Heizler, 2012).
Implications of these ages will be discussed later.
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Field mapping
To clarify the relationships between facies within the Moroni Formation, field mapping
was conducted over two field seasons from May 2011 to August 2012. Contacts were recorded
on topographic maps and black and white aerial photographs. The aerial photographs are at
approximately 1:12,000 scale. Strikes, dips, contacts, and sample locations were located with a
Garmin GPS 72. Contacts were digitized using Cardinal Systems Virtual Reality (VR1 and VR2)
software. Stereo aerial photographs from United States Department of Agriculture 1972 (black
and white), 1980 (black and white), and 1987 (color infrared) were scanned, oriented, and
projected into three dimensions, allowing contacts to be placed as close as possible to actual
locations. The Utah Geological Survey provided additional stereo imagery in 2012, and contacts
were cleaned up using this imagery. The completed map done with VR1 and VR2 was
transferred to ArcGIS and further refined. In addition, two partial sections (Fig. 13) of the
Moroni Formation were measured in God’s Rock Hollow and north of Dry Creek (Fig. 20). Both
localities had poor exposure of the base of the formation and were eroded at the top, but had
good exposures of much of the formation.
LITHOFACIES
Mapping within the Birdseye quadrangle has shown that the Moroni Formation consists
of several lithofacies. These facies differ considerably from descriptions by previous workers in
other locations where the Moroni Formation has been studied (Fig. 21). The subdivisions
recognized in the Birdseye quadrangle are 1) a basal rhyolite ash-flow tuff, 2) a coarse grained
fluvial facies, 3) a welded dacite tuff, 4) a lahar facies, and 5) an arcosic fluvial facies.
Basal rhyolite ash-flow tuff
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In the Birdseye quadrangle, a pumice-rich ignimbrite occurs in small outcrops at the base
of the formation in a few places (Plate 1, Fig. 20). It is also present in several nearby
quadrangles: in the Payson Lakes quadrangle on a peak south of the Blackhawk Campground, in
the Nebo Basin quadrangle along Nebo Creek, as well as in the Indianola quadrangle north of
Little Clear Creek (unpublished mapping by the author). In all cases it lies at the base of the
formation. This unit ranges in color from a grayish orange pink (10R 7/4) to light gray (N7) tuff
that is moderately welded (Fig. 11A). It has pumice fragments of variable size but they mainly
range from 5 mm to 15 cm and comprise between 30 and 50% of the rock. Euhedral biotite about
a millimeter across, as well as anhedral plagioclase are common within the pumice fragments.
The ashy matrix commonly has 5-10% 2-3 mm lithic fragments as well as 5% subeuhedral
hornblende phenocrysts 1-2 mm in size, with minor amounts of quartz (Figs. 10 and 11A). It
outcrops as steep to moderate slopes but is readily weathered and commonly shows signs of
argillic alteration. Its thickness ranges from 1 to 6 meters within the Birdseye quadrangle but is
thicker to the south near Indianola.
Two samples were collected and analyzed from this unit. One was discarded due to a
high calcium from secondary calcite. The other sample was also altered as shown by its low
alkali concentration (Fig. 22A) but is probably rhyolitic based on less mobile element
concentrations. The basal tuff has the highest silica content of all the Birdseye tuffs sampled
(Fig. 22A) and has lower P and Ti (Fig. 23B) than the other tuffs. Plagioclase separates yielded
an age of 39.0 ± 0.3 Ma for this unit (TM-DLB-7/15/11).
Lahar facies
The lahar facies of the Moroni Formation is the dominant facies in the Birdseye
quadrangle. It consists of medium gray (N6) to pale brown (5YR 5/2) poorly sorted angular
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clasts of andesite to trachyandesite, with minor subangular quartzite clasts (<20%) in a matrix of
reworked volcaniclastic sediments (Fig.14). Volcanic clasts commonly have large (1-4 mm)
pyroxene and/or plagioclase phenocrysts. The lahar facies can be clast or matrix supported and
tends to fine upward. It commonly outcrops as steep to moderate slopes and forms hoodoos
along Thistle Creek. The lahar facies is approximately 250 meters thick near Blind Canyon, and
is at least 150 meters thick in the southwestern corner of the quadrangle, but averages less than
60 meters thick. It sits on the basal tuff. It interfingers with the arcosic fluvial facies and is
usually overlain by coarse grained fluvial facies (Fig. 12B and 21). Dips within the lahar facies
are highly variable. Paleotopography played a large role in this chaotic layering. Lahar
sediments were very viscous and flowed down steep slopes so that topography had a large
influence on the visible layering. North of Nebo Creek this is evidenced in preserved slump
blocks having layering that dips the opposite way from the regional layering in the Moroni
Formation, so that bedding is not a reliable structural indicator. There is only a minor structural
component to layering, except near the Thistle fault where the variable dips are likely due to
deformation along the fault.
Eleven andesitic clasts, one rhyolite clast, and one ash-flow tuff bed were chemically
analyzed from the lahar facies. Nine of these were collected along Highway 6 (Fig. 20). These
andesitic clasts have a fine-grained matrix with 10% 2-3 mm pyroxene phenocrysts, but are not
representative of the whole Moroni Formation because higher up in the lahar facies the andesite
has 10% 1-2 mm plagioclase phenocrysts in addition to pyroxene phenocrysts (5%) that were not
sampled. One rhyolite clast (TM-PK-112), collected south of Bennie Creek (Fig. 20) is
chemically and petrographically similar to the lavas of the Packard Quartz Latite, which erupted
30 km to the west at Goshen and in the East Tintic Mountains (McKean and Solomon, 2012;
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Morris and Lovering, 1979). It has 40-50% phenocrysts of 1-2 mm biotite, quartz, sanidine, and
plagioclase in a glassy matrix (Fig. 11B). The last sample (TM-DLB-8/5/11) is of a thin ash-flow
tuff bed north of Nebo Creek. It is unclear how this tuff bed relates to the rest of the Moroni
Formation because it is partially covered by younger alluvial fan deposits, but it was is probably
within the lahar facies due to abundant volcanic clasts that cover the slope just below the tuff.
This tuff is a grayish orange pink (5R 8/2) with 5-6 mm pinkish pumice fragments that compose
15% of the volume of the rock (Fig. 11F). Phenocrysts are dominantly 1 mm euhedral biotite
(5%), and subhedral plagioclase (5%), and rare subhedral hornblende phenocrysts (2%) and
quartz (2%). This tuff may be the equivalent of the welded dacite tuff, however the significantly
smaller pumice fragments present within this bed and its distinctive composition (Fig. 22) leave
this conclusion in doubt.
The eleven lava clasts range from high K2O andesite to dacite (Fig. 22). Among the other
rock units and clasts, they are unusually ferroan (Fig. 22C). The rhyolite clast (TM-PK-112) is
chemically distinct from the other clasts in the lahar facies and has a composition consistent with
its derivation from the Packard Quartz Latite. It is a high K2O, magnesian rhyolite. Figure 21F
shows that it also has extremely high (greater than 2500 ppm) concentrations of barium, which is
also characteristic of the Packard Quartz Latite. The thin tuff bed (TM-DLB-8/5/11) is dacitic
but has apparently lost alkalies during devitrification and hydration. It is distinct from the other
tuff beds and clasts in the Moroni Formation. For example, it has lower Ti, Sr, and Zr and higher
concentrations of incompatible elements Nb, LREE, Pb, and Th than the dacite welded tuff
which is also interlayered with the lahar facies (Fig. 22, 23, and Table 18).
Arcosic fluvial facies
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The arcosic fluvial facies of the Moroni Formation within the Birdseye quadrangle
outcrops prominently east of Highway 6 and near the Birdseye Latter-day Saint church (Fig.
12A). More subdued outcrops of similar composition lie west of Thistle Creek (Plate 1). The unit
is mostly grayish orange pink (5YR7/2), poorly sorted sandstone with intercalated gravel beds
composed of 50% volcanic and 50% Paleozoic limestone and quartzite clasts (Fig. 12). Grains
within the sandstone are very angular and are composed dominantly of quartz, with some
sanidine, clinopyroxene, and plagioclase grains. Cementation is variable ranging from poor to
moderate. Conglomerate lenses within the sandstone are discontinuous and lack clear channel
morphology. Volcanic clasts are mostly similar to clasts found within the lahar facies (see
description below) with the exception of some well-rounded grayish orange pink tuff clasts.
These tuff clasts have 1-2 mm plagioclase, quartz, sanidine and biotite phenocrysts composing
approximately 10% of the volume of the rock (Fig. 11E). Pumice fragments within the tuff clasts
range from 3-15 mm in size, and are glassy and black altering to a dark yellowish orange (10YR
6/6). Pumice fragments make up approximately 30% of the volume of the tuff clasts.
The arcosic fluvial facies tends to form steep slopes east of Highway 6 and moderate
slopes west of Thistle Creek. It is approximately 240 m thick directly east of the town of
Birdseye, but pinches out to the north and south. Constenius and Dawson (2008) interpreted this
facies as middle Miocene in age most likely because of its distinct appearance and only minor
volcaniclastic component. However, mapping within the Birdseye quadrangle shows this facies
north of Dry Creek near the base of the Moroni Formation (Plate 1 and Fig. 13). Additionally,
west of Thistle Creek, the lahar facies of the Moroni Formation outcrops above this arcosic
fluvial facies suggesting that it interfingers with the lahar facies. The arcosic fluvial facies was
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deposited in braided streams near the start through the middle of Moroni Formation deposition,
and not as a separate, younger facies during the middle Miocene.
One clast of ash-flow tuff was collected from within this facies (TM-DLB-2/21/12A). It
returned a 40Ar/39Ar age on sanidine of 34.7 ± 0.1 Ma (written communication Matt Heizler,
2012). It is a magnesian, very high-K dacite (Fig 21) and has more K2O than both the basal and
welded tuffs but is similar in many other respects to the other tuffs (Fig. 22 and 23). It does have
a distinctive texture with smaller pumice fragments that are altered to clays
Welded dacite tuff
North of Blind Creek, a pale red (5R 6/2) welded dacite ash-flow tuff with black (N9)
fiamme (Figs. 9, 11C, & 11D) crops out below the lahar facies of the Moroni Formation. This is
the only outcrop of this facies located during mapping of the quadrangle. The rock is composed
of 30% lithic fragments up to 1 cm in size as well as 3% 1-2 mm euhedral biotite, 10%
subeuhedral plagioclase, 5% quartz, and 5% sanidine phenocrysts. The proportion of fiamme is
highly variable from 10% to 30% with a greater concentration higher up in the outcrop. It is
approximately 37 meters thick and interfingers with the lahar facies. It changes characteristics to
the north, where it is only moderately welded and lacks fiamme. Two samples were taken from
this unit: TM-DLB-2/21/12B and TM-DLB-2/21/12C. One other sample was collected from float
in Salt Hollow near the southern boundary of the quadrangle (TM-LR-111). These three samples
are magnesian dacite to trachydacite (Fig. 22). Plagioclase from sample TM-DLB-2/21/12B was
40

Ar/39Ar (5 grains) at 34.8 ± 0.3 Ma (written communication Matt Heizler, 2012). The welded

dacite tuff has higher concentrations of Ba, Zr, Ti, and Y than the basal rhyolite tuff or the tuff
clast in the arcosic fluvial facies (Fig. 23B). It also has a lower TiO2 /Fe2O3 ratio than the other
tuffs (Fig. 22E).
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Coarse grained fluvial facies
The coarse grained fluvial facies of the Moroni Formation consists of sand, silt, gravel
and cobbles, with a highly variable clast composition comprised dominantly of volcanic rocks,
but with up to 50% quartzite and limestone clasts (Fig. 16). Volcanic clasts found within the
coarse grained fluvial facies are similar to those found within the lahar facies, so no clasts were
collected to be analyzed. The coarse grained fluvial facies crops out poorly, is readily weathered,
and forms moderate slopes except where cut by recent erosion such as along Nebo Creek where
it forms steep slopes. In the northcentral part of the Birdseye quadrangle, it is separated from the
underlying lahar member by a 3 to 4.5 m (10 to 15 feet) very light gray (N8) tuffaceous to
micritic limestone. This limestone is not present in the southern part of the Birdseye quadrangle,
where the fluvial member sits directly on lahar member. Its thickness varies, but there is at least
180 m (590 feet) present in the southern portion of the quadrangle.
The coarse grained fluvial facies is interpreted to be the youngest facies of the Moroni
Formation within the Birdseye quadrangle. It lies above the lahar facies in the southern and
central portion of the quadrangle. The decrease in volcaniclastic component probably represents
a combination of decreased volcanism and or increased input of sediments from other distal and
local sources.
Other Units
The Tertiary Conglomerate of Crab Creek as well as Qaf1 and Qaf2 within the Birdseye
quadrangle (see Plates 1 & 2) also have volcanic clasts similar to those in the lahar facies. Due to
the diminished amount of volcanic clasts (<20%) these units were not included within the
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Moroni Formation, and are interpreted to represent younger deposits of alluvial sediments with
clasts reworked from the Moroni Formation.
DISCUSSION
The correlation of the Moroni Formation in the Birdseye quadrangle to the Moroni
Formation in other areas and to East Tintic volcanic rocks, using chemical compositions,
stratigraphy, and 40Ar/39Ar ages is discussed in this section.

Correlation of volcanic rocks
Geochemical as well as age data from the East Tintic volcanic center, including the
nearby Goshen volcanic rocks, (Morris and Lovering, 1979; Jensen, 1986; Moore, 1993; Clark,
2003; McKean and Solomon, 2012) as well as previous analyses of Moroni Formation rocks
(Ziga, 2006; DeVries, 1990) were used to establish correlations.
Basal rhyolite ash-flow tuff
The basal tuff has a trace element pattern similar to the Chimney Rock Pass Tuff of the
Soldiers Pass area in the northern East Tintic Mountains (Christiansen et al., 2007) with low
phosphorus and titanium (Fig. 23E). It also has a chemical composition similar to two clasts of
ash-flow tuff in the Moroni Formation analyzed by Ziga (2006) (his samples 5-9-12 and 5-9-13)
and to the Fernow Quartz Latite from the Sage Valley quadrangle (Clark, 2003 his samples SV3, S-24, and SV-4). However, age relationships show that neither the Fernow Quartz Latite nor
the Chimney Rock Pass Tuff can be correlative. Clark (2003) dated the Fernow Quartz Latite at
34.83 ± 0.15 Ma and Christiansen et al. (2007) report an age of 34.7 Ma for the Chimney Rock
Pass Tuff, both of which are significantly younger than the plagioclase age for the basal rhyolite-
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39 Ma. The basal tuff is significantly older than most of the Moroni Formation; but it is similar
to that of the Chicken Creek Tuff, which Clark (2003) dated at 38.61 ± 0.13 Ma. Clark described
the Chicken Creek Tuff as a, poorly welded, vitric dacitic ash-flow tuff with 30% phenocrysts of
plagioclase, sanidine, quartz, and biotite in a glassy matrix. Due to its dacitic bulk composition
this tuff also appears to be significantly different than the basal rhyolite tuff and probably does
not correlate. At this point no correlative unit has been found; however, the ages obtained on this
tuff are all somewhat suspect and further work on dating this unit is warranted.
Arcosic fluvial facies tuff clast
Comparison to regional tuffs shows that its composition is similar to the tuff of
Twelvemile Pass which is exposed in the East Tintic Mountains (Allens Ranch quadrangle,
McKean, 2011) about 30 km west of the Birdseye quadrangle. However, phosphorus and
titanium values are lower than the tuff of Twelvemile Pass and highter than the Chimney Rock
Pass Tuff (Fig. 23D&E) (Christiansen et al., 2007; McKean, 2011). It does not seem to correlate
well with any of the volcanic units in the region. Its age of 34.7 ± 0.3 Ma is statistically identical
to the ages of the Chimney Rock Pass Tuff and tuff of Twelvemile Pass in the East Tintic
Mountains (Christiansen et al., 2007; McKean, 2011).
Dacite welded tuff
The trace element pattern of the dacite welded tuff is very similar to the tuff of
Twelvemile Pass (Fig. 21C) which is exposed in the East Tintic Mountains McKean, 2011) about
30 km west of the Birdseye quadrangle. In particular, these units share distinctive Fe and Ti
concentrations (Fig. 22E) and high concentrations of Zr (>300 ppm) that are unlike other
volcanic rocks from the region. McKean (2011) dated plagioclase from the tuff of Twelvemile
Pass at 34.6 ± 0.2, which is within the error for the age of the welded dacite tuff (34.8 ± 0.3 Ma).
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In addition to sharing the same elemental composition, they have the same dense welding and
mineral assemblage. Even though these tuffs are approximately 30 km apart, they appear to be
correlative based on age and chemical similarities.
Clasts in the lahar facies
Nine of the andesitic clasts from the lahar facies along Highway 6 are chemically similar
to andesite lavas, lahar deposits, and small intrusions from the Goshen and Slate Jack Canyon
quadrangles (Jensen, 1986; Morris and Lovering, 1979; Moore, 1993; McKean and Solomon,
2012) on Long Ridge (Fig. 19). Andesite from these locations is distinctly depleted in nickel
(Fig. 22H) and chromium compared to other East Tintic volcanic rocks (such as the Packard
Quartz Latite ), but similar to the clasts in the lahar facies. On Long Ridge, Jensen (1986)
mapped these volcaniclastic rocks as Copperopolis Latite; however, they have lower modified
alkali lime values (Fig. 22B) and higher MgO (Fig. 22C) than the Copperopolis Latite from the
type localities in the East Tintic Mountains (Morris and Lovering, 1979;Moore, 1993) and
consequently, McKean (2012) mapped them as a distinct unit. The andesite clasts in the Moroni
Formation of Salt Creek Canyon (Ziga, 2006), and near Birdseye also have similar whole rock
composition and trace element patterns. Uranium differences may be due to Ohio State
University’s XRF having a lower detection limit for uranium of 5 ppm so that uranium values
appear elevated on the trace element diagram. Comparison of trace element compositions of the
trachyte dike of Salt Creek Canyon and Birdseye andesite clasts shows that they are unrelated,
with the dike having significantly higher Rb, U, K, Nb, La, and Ce and lower Sr and P
concentrations. (Fig. 23A). While Clark (2003) suggests that the Levan intrusive may be a
source for the lahar rocks, the lahar clasts have a significantly different texture as well as are
relatively unaltered compared to Levan samples.

70

As noted before, lahar clast TM-PK-112 is chemically distinctive from the other clasts
from the lahar facies. It is rhyolitic, calc-alkalic, magnesian, and has very high potassium. It also
has distinctively high Ba values (Fig. 22E) and low P (Fig. 22F) which is characteristic of the
Packard Quartz Latite (Fig. 23D) (McKean, 2011). The presence of a clast of the Packard Quartz
Latite lava indicates that the lahar member is 34.8 Ma (McKean, 2011); which is supported by
the 34.8 Ma ± 0.3 Ma age of the interbedded welded dacite tuff.
North of Nebo Creek an ash-flow tuff bed within the lahar facies (TM-DLB-8/5/11). This
sample does not appear to closely correlate with any regional samples.
Chemical analysis of the Birdseye volcanic clasts shows they share compositional
similarities with volcanic rocks present in the East Tintic Mountains and from the volcanic field
near Goshen, Utah (Figure 19). For example, there are found clasts of the Packard Quartz Latite,
a tuff that correlates with the tuff of Twelvemile Pass, and andesite clasts which are most similar
to those from Goshen and the East Tintic volcanic fields. While most tuff samples were altered
to some degree, Birdseye tuffs are consistently less silicic than those sampled by DeVries (1990)
north of Moroni (Fig. 22A) which range to high-silica rhyolite. This implies that tuffs deposited
near the top of the Moroni Formation (i.e., Moroni Hill) have different sources than those lower
in the section (the ones exposed in the Birdseye quadrangle). Albrecht (2001) reported K-Ar
dates from clasts and tuffs at the Moroni Cliff ranging from 38.7 to 34.3 Ma which is similar to
dates from the Birdseye tuffs 39.0-34.8 Ma.
Correlation with Moroni Formation Volcanic Rocks Regionally
Regional correlation of the Moroni Formation is complicated by various definition of
units by previous workers. Figure 24 shows previous workers subdivisions within the formation

71

as well as probable correlations between different units. The Birdseye Moroni Formation
composite section correlates best with a reinterpreted Salt Creek Canyon section; however, the
arcosic fluvial facies and how it relates to Ziga’s (2006) lithology Em4 unit is unclear. Within
the Birdseye quadrangle the arcosic fluvial facies outcrops near the base of the formation. It is
similar in visual appearance and characteristics to Ziga’s Em4. However, Ziga (2006) interpreted
Em4 as being younger than his Em1 and Em2 units even though Em4 is not in contact with the
other units of the Moroni Formation. This interpretation was largely based on volcanic clasts that
appeared similar to the Pole Canyon dike. However, none of his three sampled clasts from EM4
are geochemically similar to the Pole Canyon dike which is a distinctive trachyte. Mapping by
Banks (1991) shows Em4 dropped down along a normal fault, but another possible interpretation
is that Em4 lithology was unconformably deposited on top of an unconformity. I prefer this latter
interpretation, which places Em4 in a similar stratigraphic position to the Birdseye coarse
grained fluvial facies near the base of the formation. Ziga’s Em1 and Em5 are similar to the
lowermost lahar facies deposits in the Birdseye quadrangle. Em2 rocks, which contained clasts
that were similar to the Pole Canyon Dike, are either not present in the Birdseye quadrangle or
not exposed at the surface. Em3, which contains all the volcaniclastic rocks above Em2, is
similar to lower lahar facies rocks and grades upward into upper lahar facies rocks; it may relate
to the arcosic fluvial facies.
Correlation between Cooper’s (1956) and Albrecht’s (2001) work at the Moroni
Formation’s type locality and other areas are difficult due to the paucity of thick volcaniclastic
beds there. The lower part of the section is composed primarily of sandstones with sparse pebble
to boulder beds of volcanic clasts. This does not correlate well with Moroni outcrops in Salt
Creek Canyon and Birdseye where the lowermost sandstones are covered by a thick section of
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cobble to boulder sized lahar facies. It does however appear similar to Ziga’s (2006) Em3 and
the upper part of Birdseye’s lahar facies, which has similar fine-grained sediments as well as thin
cobble to boulder beds of volcaniclastics. It is possible that at Moroni Hill, the streams that
deposited the Moroni Formation lacked the energy to transport large clasts and that Ziga’s (2006)
Em1 and Em5 as well as the Birdseye’ lahar facies are represented by these dominantly
sandstone units. However, coarse volcaniclastic rocks are present in the Thistle quadrangle,
which is significantly farther east than the Moroni Hill rocks. This leads the author to believe
that correlation with Em3 is correct.
Albrecht’s (2001) and Cooper’s (1956) rhyolitic tuffs at Moroni Cliff appear to correlate
with the uppermost tuffs of Ziga’s (2006) Em3 in Salt Creek Canyon. These tuff beds are similar
in composition. Ziga’s 23.1 Ma age from these tuffs is significantly younger than the youngest
age of 34.3 Ma obtained by Albecht, however Ziga’s age may be from beds not present at the
Moroni Hill location. These tuffs are not present in the Birdseye quadrangle. Jensen’s (1988)
mapping north of Fairview identified an upper tuff unit and a lower conglomerate and breccia
within the Moroni Formation, similar to Cooper and Albrecht’s section 20 Km to the south. It
also implies that the tuff beds are laterally continuous.
Witkind and Marvin (1989) attempted to correlate the Moroni Formation to the Goldens
Ranch Formation and volcanic rocks of Sage Valley. The Moroni Formation has some lithologic
similarities to these rocks but there are also some problems with this correlation. Clark (2003)
mapped the Sage Valley quadrangle and in the process obtained age and chemical data on the
volcanic rocks. Ignimbrites in the Goldens Ranch Formation date from approximately 38.3 Ma,
and show no chemical similarities to the Birdseye or Moroni Cliff Moroni Formation tuffs.
Stratigraphically above the Goldens Ranch Formation are the volcanic rocks of Sage Valley,
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which include volcanic conglomerates, the tuff of Little Sage Valley (37.4 Ma), and the Fernow
Quartz Latite (34.8 Ma). The Fernow Quartz Latite is chemically similar to the Chimney Rock
Pass Tuff. No direct comparison to these rocks and the volcanic rock in the Birdseye Moroni
Formation can currently be made at this time; however, further work on the rhyolite tuff at the
base of the Moroni Formation may justify re-examination of these relationships. Currently, there
is little support of Clark’s (2003) conclusion that any of the tuffs in the Moroni Formation may
correlate to the Fernow Quartz Latite; however the ages show that these volcanic conglomerates
were coeval.
Age of the Moroni Formation
Constenius and Dawson (2008) proposed that the Moroni Formation, near the Birdseye
Quadrangle, be divided into a lower Eocene to Oligocene unit comprised of interbeded mudflow
and fluvial deposits and an upper Miocene braided stream deposit. Three lines of evidence point
to the presence of an upper Miocene component: the presence of a camel (blickomylus) jawbone
retrieved from apparent Moroni Formation outcrops in the Indianola Quadrangle, the 23.1 Ma
tuff age obtained by Ziga (2006) in Salt Creek Canyon, and a report by Witkind and Marvin
(1989) that Moroni Formation volcanic rocks analyzed by LeVot (1987) from the Cedar Hills
were 24-24.5 Ma. While these studies provide a basis for a Miocene component, what remains
unclear is where to divide the Moroni Formation. In Salt Creek Canyon, the 23.1 Ma tuff is near
the top of the section, similarly the Miocene camel fossil came from a peak that is near the top of
the formation. The Salt Creek Canyon section has a gradational contact from coarse clastics to
fine grained clastics facies while the Indianola quadrangle Moroni Formation section remains
poorly studied. There may not be a clear boundary between the Eocence and Miocene rocks.
LeVot’s (1987) 24-24.5 Ma ages do not point to a clear boundary either. His sample locations
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and how they correlate to the rest of the Moroni Formation are unclear. It is evident that further
work needs to be done to clarify age relationships throughout the Moroni Formation before a
subdivision of the formation is appropriate. In the Birdseye quadrangle, no evidence was found
for a Miocene component in the Moroni Formation, but perhaps the Crab Creek Conglomerate
which is poor in volcanic clasts, which was mapped in the quadrangle, could be Miocene.
Paleovalleys
Chemical similarities between East Tintic volcanic rocks and the tuffs and clasts in the
Moroni Formation link the rocks in these two areas. Another supporting line of evidence is the
distribution of the Moroni Formation. Regional mapping by Witkind and Weiss (1991) (Fig. 19)
shows that the Moroni Formation crops out along two trends. One trend extends from near Nephi
through Salt Creek Canyon to deposits at Moroni Hill and north to Indianola. Another line
extends from Santaquin to the Payson Lakes area and into the Birdseye quadrangle. All of these
trends are interpreted to be paleovalleys in which sediments were carried through and around a
remnant Paleozoic highland into the Moroni Formation depositional basin. The evidence for
paleovalleys and for chemical correlation to sources on the west of the current Wasatch Front
contradicts Albrecht’s (2001) conclusion that the Wasatch Range was a topographic barrier to
Moroni Formation deposition.
Tectonic Setting
Moroni Formation deposition was primarily in a localized and restricted extensional
basin formed on the allocthon of the Charleston-Nebo thrust during relaxation of the crust during
the Eocene. The Moroni Formation is geographically limited to the Sanpete Valley and to the
west. It appears that the Wasatch monocline formed a topographic barrier to Moroni Formation
deposition on the east. Work by Judge (2007) has shown that the Wasatch monocline, which she
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thinks was formed by extension at approximately 40 Ma, would have provided an eastern barrier
for Moroni Formation deposition between 37-34 Ma. This also agrees with Constenius et al.’s
(2003) interpretation that Moroni Formation was deposited in extensional structures following
the collapse of the Sevier fold and thrust belt. In the Birdseye quadrangle, the Thistle canyon
fault is closely linked to the Wasatch monocline. Mapping has shown that Flagstaff and North
Horn Formation beds were deformed prior to Moroni Formation deposition and localized
displacements in the Moroni Formation shows evidence of some post deposition movement.
There is some additional evidence that extension may not have played a role in deposition
of all of the Moroni Formation. Best (1988) points out that the orientation of dikes can be used to
determine the orientation of the maximum horizontal stress direction in the crust. The NW-SE
orientation of the dike near Pole Creek Canyon (Banks, 1991) shows that the local maximum
stress direction at the time of its emplacement (34.7 Ma; Ziga, 2006), was NE-SW. This contrasts
with the overall E-W extension direction predicted from the overall orientation of the Moroni
Formation basin. If extension formed the Moroni Formation depositional basin, it was likely
local, as studies of regional stresses show that the maximum horizontal stress direction during
the Eocene, the direction in which extension would be predicted to occur, was perpendicular to
this local extension direction (Zoback et al., 1981; Eaton, 1982; Best, 1988; Ren et al., 1989;
Kowallis et al., 1995).
It is likely that in Pole Creek Canyon, in Salt Creek Canyon, and through the Payson
Lakes corridor, Moroni deposition may have been more strongly influenced by an erosional
valley than by extension. Moroni Formation outcrops on the western side of the Birdseye
quadrangle show a similar erosional relationship. Outcrops of Moroni Formation rocks are
unconformably deposited on Paleozoic to Tertiary rocks. Mapping in surrounding quadrangles
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by the author found Moroni volcanic rocks south of Blackhawk Campground show shallow dips
while dips in the Moroni Formation north of Dry Creek are steep but progressively shallow to the
east. Moreover the Moroni formation was deposited directly on North Horn Formation in several
locations requiring the removal of Flagstaff and Colton Formation rocks and indicating an
erosional valley or nondeposition. Thus, the deposition of most of the Moroni Formation filled
available accommodation space rather than syndepositional faulting.
An additional factor that undoubtedly contributed to Moroni Formation deposition was
the build-up of a large strato-volcano complex immediately to the west. This became a local
highland area from which volcanic detritus was shed off into the basin to the east. Prior to
development of this highland area to the west, erosion and or non-deposition was occurring in
the Moroni depositional basin as evidenced by the unconformity between the Moroni Formation
and the formations beneath it.

CONCLUSIONS
The volcanic components in the Moroni Formation in the Birdseye area share chemical
characteristics with and a physiographic link to the volcanic rocks of the East Tintic Mountains
and surrounding areas. One ash-flow tuffs from the Birdseye quadrangle is chemically and
petrographically similar to the tuff of Twelvemile Pass of the East Tintic Mountains. Tuffs
present in the Birdseye quadrangle and near Salt Creek Canyon are less silicic than those north of
Moroni, indicating that there may be more than one source for the tuffs of the Moroni Formation.
Andesite clasts from the Moroni Formation are chemically and petrographically similar
to lavas and lahar clasts in the East Tintic volcanic field (including the Goshen and Slate Jack
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quadrangles on Long Ridge). For example, andesite clasts from these locations are distinctly
depleted in nickel and chromium, have an unusually ferroan composition, and distinctive Fe/Ti
ratios. Furthermore, the presence of a clast of Packard Quartz Latite also shows that the Moroni
Formation had a source near the East Tintic Mountains. Birdseye andesite clasts also are
chemically distinct from the trachyte in the Salt Creek Canyon dike and were not derived from it.
Textural differences suggest that Moroni clasts are distinct from the Levan intrusives.
Deposits of Moroni Formation in paleovalleys provide a physiographic link from Moroni
Formation to the East Tintic volcanic field. These relationships point to an East Tintic source for
the volcanic rocks in the Moroni Formation in the Birdseye quadrangle and show that any
extensional topography was minimal.
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A)

B)

C)

Figure 2. Cross sections that cross, or are near
to, the boundaries of the Birdseye quadrangle
from previous workers: A) Harris (1954), B)
and C) Constenius et al. (2003), and D) Witkind
and Weiss (1991). The red star marks the
location of the Thistle or Billies Mountain fault.
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Figure 3. Birdseye and adjoining quadrangles with the extent of mapping that has been done by previous
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A)

B)

Figure 4A & B. A) Davis’ (1983) compilation map of the geology of the Birdseye quadrangle. Unit abbreviations as follows: Tv= Moroni Formation, KTn=North Horn Formation, Tc= Colton Formation, Tf=Flagstaff Formation, Tgr= Green River Formation, IPPo= Oquirrh Group, Pk= Kirkman Limestone, Pdc= Diamond Creek Sandstone, Pp=Park City Group, JTRn= Nugget Sandstone, Jtc= Twin Creek Limestone, Qfg=fanglomerate, Qt=
terrace deposits, Qm= glacial moraine, Qa= aluvial deposits; B) Witkin and Weiss’ (1991) map of the Birdseye
quadrangle. Unit abbreviations similar to Davis’ with the exception of: Tm=Moroni Formation, Tg= Green River
Formation, Ppc= Park City Group, QTcf and Qcf= coalesced alluvial-fan deposits, Qal= aluvial deposits, Qf=
alluvial Fan deposits and QTpm=pediment mantle.
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Figure 5. Kirkman Limestone (Pk) outcrops and their position within the Birdseye quadrangle showing large

Figure 6. Annotated photograph of the Twin Creek Limestone at Thistle Junction (from Sprinkel et al., 2011).
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Figure 7. The Colton Formation north of Dry Creek with varigated coloration.

Figure 8. The Green River Formation limestone with rip up algal mats and varigated coloration . Pencil for scale.
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A

B

Figure 9A &B. The Uinta Formation. A) Clasts are dominantly Paleozoic and strongly resemble North Horn
Formation conglomerates. Pen for scale. B) Uinta Formation conglomerate, in the Spanish Fork Peak quadrangle,
capping the ridge above Shurtz Lake.
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A.

B.

Figure 10A &B.
outcrop as well as prefered weathering of the large pumice fragments. Hammer for scale. B) The
Large pumice clast outlined in red. Brunton compass for scale.
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A.

B.

C.

D.

E.

F.

Figure 11. Tuff handsamples from the Moroni Formation in the Birdseye quadrangle. A) Basal ash-flow tuff with large pumice
fragments and abundant biotite phenocrysts. B) Packard Quartz Latite clast (TM-PK-112) from the lahar facies, with a glassy
nature and abundant phenocrysts. C & D) Welded dacite tuff with variable amounts of lapilli and abundant lithic fragments. E)
Dacite tuff clast (TM-DLB-2/21/12A) from the arcosic fluvial faces with altered lapilli, pumice, and lithic fragments. F) Ash-fall
tuff bed handsample (TM-8/15/11) with abundant biotite phenocrysts, lithic and pumice fragments.
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Figure 12. Sandstone facies of the Moroni Formation east of Highway 6, near the town of Birdseye.

Basal Tuff
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God’s Rock Hollow Moroni Measured Section
Strike &
Dip

Start of section: 39°51’55.62”N 111°35’53.28”W
End of section: 39°52’20.92”N 111°36’00.09”W

Dry Creek Moroni Measured Section
Strike &
Dip

328 26E

112 meters of coarse grained fluvial facies. Clasts range
from pebbles to cobbles. Clasts are 60% volcaniclastic
with 30% quartzite and 10% limestone. Outcrop is
poor and partially covered by weathered out
clasts.

328 28E
311 19W
298 36E

17.5 meters of lahar facies. Clasts are all volcaniclastic, matrix supported, and are gravel to cobble
sized. Dip of the layers within this unit are opposite
of the rest of the Moroni Formation in the area. This
is interpreted as slumping durring deposition of
the lahar facies.
22 meters of coarse grained fluvial facies. Clasts are
gravel to cobble sized and are subangular with 60%
volcaniclastic 35% quartzite and 5% limestone.
Clast supported. Possible fault in this unit.
042 35W
25.5 meters of lahar facies. Clasts are gravel to
cobble sized and are subangular with 80%
volcaniclastic and 20% paleozoic clasts. Clasts are
matrix supported. Half a meter from the base is a 5”
thick tuff layer that is similar to the layer below.

311 53E

310 49E
304 56E

295 43E

285 56E
297 54E

4.5 meters of pinkish gray tuff. Pumice fragments are
2-5mm in size . Common 2 mm plagioclase and
biotite phenocrysts within the matrix with some
minor lithic fragments.
146 meters of medium gray lahar facies. The base
of the formation outcrops farther west along the
road, but due to poor outcrop the section was
started where good outcrop was located. Clast size
ranges from pebbles to 1 meter in size. Clasts are
all volcaniclastic and are clast supported at the
base. There are some small sandstone beds. There
039 37W
is soft sediment deformation between lahar
deposits. Moroni Formation clasts are mainly the
amphibole phenocryst andesite. By approximately
100 meters up there is up to 10% quartzite and
limestone clasts present.

Start of section: 39°56’33.57”N 111°31’21.46”W
End of section: 39°56’45.97”N 111°31’18.99”W

67 meters of lahar facies. Clasts are
90% volcaniclastic with up to 10%
quartzite and minor limestone clasts.
Volcaniclastic rocks are andesite with
mainly plagioclase phenocrysts.

27 meters of white to very light gray
tuff. Pumice fragments are 2-4mm in
size and have a pink hue. Major
phenocrysts are 2mm subeuhedral
plagioclase and 2 mm biotites.

126.5 meters of lahar facies. Clast size at
the base is 1” but increases upward in
the section to 1 meter. Clasts are 95%
volcaniclastic with up to 5% quartzite
and minor limestone. Numerous
sandstone stringers thoughout the
section. Volcaniclastic rocks are
andesite, some with mostly plagioclase
phenocrysts and others mostly with
amphibole phenocrysts.

27 meters of very light gray to pinkish
gray pumice rich tuff. The pumice
fragments are generally 3-4 mm in size
but increase in size upwards in the
section. Dominant phenocrysts are
plagioclase and biotite. Partially
covered by volcaniclastics in places. To
the southwest this facies becomes the
welded tuff facies with lahar facies
interfingering it.
1.5 meters of fluvial facies conglomerate. Approximately 70% Palezoic clasts
and 30% volcaniclastic. May be a lag
gravel
2.5 Meters light gray tuffaceous
sandstone with some pebble
conglomerate lag deposits. Sandstone grains are poorly sorted and
subangular to subrounded,
dominantly coarse grained. Conglomerate stringers are also poorly sorted
with a maximum clast size of 2”.
Bottom not exposed

Figure 13. Measured sections of the Moroni Formation in and near the Birdseye quadrangle.
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Figure 14

Figure 15. Lahar facies of the Moroni Formation north of Dry Creek showing poor sorting, and
subanglular clasts. Pencil for scale.
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Figure 16
sorting, of the mixed clasts as well as silt and mudstone beds. Rock hammer for scale.

Figure 17
the Thistle fault mapped to the left of the photograph.
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TM-10/12/11

BIRDSEYE-GH-11
BIRDSEYE-WAH-11
BIRDSEYE-MHD-11
BIRDSEYE-KDA-11
BIRDSEYE-KER-11
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Dry Creek Section
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Figure 20. Shaded relief map of the Birdseye quadrangle (red square) and surrounding areas
with mapped Moroni Formation facies, sample locations and measured sections.
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Figure 21. Composite cross-section through a Birdseye paleovalley and its location relative to the
Birdseye quadrangle (red box) and mapped Moroni Formation facies. Lines represent the facies of the Moroni
Formation exposed at the surface at the corresponding letter. Thickness and depth to bedrock are
diagramatic only.
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Figure 22. Major element classification and chemical discrimation
diagrams for the volcanic rocks of the Birdseye, Slate Jack, and
Goshen 7.5’ quadrangles and East Tintic volcanic Fields. See text
for discussion. (Classification for diagrams from (A) LeBas et al.
1986; (B) Frost et al., 2001; (C) Miyashiro, 1974; (D) LeBas et
al.,1986).
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Table 1A. Compositions of clasts in the lahar facies of the Moroni Formation in the Birdseye quadrangle, Utah
Facies
Sample
Latitude
Longitude
Map Unit

Lahar
Lahar
Lahar
Lahar
Lahar
Lahar
Lahar
Lahar
Lahar
Lahar
Lahar
Lahar
BIRDSEYE- BIRDSEYE- BIRDSEYE- BIRDSEYE- BIRDSEYE- BIRDSEYE- BIRDSEYE- BIRDSEYE- BIRDSEYE- BIRDSEYE- BIRDSEYE- TM-PK-112
GH-11
JPR-11
KDA-11
KGR-11
LME-11
LRJ-11
MHD-11
NJP-11
NO-11
RTD-11
WAH-11
39.9662N

39.96623N

39.9662N

39.96623N

39.96623N

39.96623N

39.9661N

39.96105N

39.96105N

39.96623N

39.9662N

39.93206N

111.5174W

111.5167W

111.5174W

111.5167W

111.5167W

111.5167W

111.5176W

111.5242W

111.5242W

111.5167W

111.5174W

111.5877W

Tml

Tml

Tml

Tml

Tml

Tml

Tml

Tml

Tml

Tml

60.98
1.01
16.26
6.97
0.13
1.67
5.81
3.22
3.45
0.50
100.00

59.41
0.97
17.08
6.95
0.17
2.32
6.22
3.47
2.94
0.48
100.00

64.17
0.64
16.55
4.83
0.09
1.25
5.05
3.42
3.63
0.37
100.00

59.78
0.95
17.16
6.59
0.16
2.32
6.25
3.35
2.95
0.49
100.00

60.48
0.95
16.57
6.72
0.12
1.84
5.83
3.33
3.67
0.49
100.00

60.87
0.76
16.59
5.71
0.15
2.11
6.54
3.59
3.25
0.43
100.00

60.21
0.86
16.51
6.78
0.12
1.90
6.30
3.33
3.45
0.54
100.00

61.29
0.78
16.93
6.25
0.16
2.14
5.70
3.37
2.93
0.46
100.00

59.04
0.96
17.25
7.09
0.19
2.44
6.29
3.49
2.77
0.48
100.00

70.23
0.40
14.78
2.77
0.07
0.78
2.70
3.08
5.08
0.11
100.00

19
122
1
1
5
109
20
87
617
29
307
12
1384
45
50
37
5
17
8
3

18
82
0
1
6
108
21
78
662
36
323
13
1839
47
50
41
5
19
8
2

14
38
0
2
2
66
20
72
618
34
287
14
1539
46
69
42
5
21
11
3

18
77
0
1
4
103
21
75
652
33
319
12
1484
44
64
40
5
20
8
2

19
86
0
2
4
99
21
99
649
31
321
13
1465
45
62
41
5
19
9
3

15
67
0
1
6
85
21
81
648
29
255
12
1230
53
62
38
5
20
10
3

17
81
2
1
2
106
21
106
673
31
267
13
1611
40
56
40
5
18
8
2

15
70
0
2
3
103
20
88
640
32
275
12
1389
44
66
43
5
22
10
3

19
84
0
2
5
127
20
76
678
36
336
13
1552
49
58
44
5
23
8
2

6
19
17
6
20
50
15
112
430
21
194
12
2553
73
81
44
5
24
21
5

Tml
Tml
Normalized to 100% on a volale-free basis
61.16
64.44
SiO2
0.85
0.73
TiO2
17.08
15.42
Al2O3
6.36
6.15
Fe2O3
0.11
0.08
MnO
1.35
1.13
MgO
5.58
5.36
CaO
3.41
3.13
Na2O
3.66
3.10
K2 O
0.43
0.45
P 2 O5
100.00
100.00
Total
Sc (ppm)
V
Cr
Ni
Cu
Zn
Ga
Rb
Sr
Y
Zr
Nb
Ba
La
Ce
Nd
Sm
Pb
Th
U

Notes:

18
74
0
3
11
91
21
100
637
34
328
14
1540
44
70
43
5
21
9
3

14
50
0
3
3
59
19
78
587
30
246
12
1257
43
66
37
4
19
8
3
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Table 1B.   of

Facies
Sample
 
 
Map  

     

    

 

   7.5'  

     

Basal Rhyolite Tuff

Uinta Tuff

TM-DLB-7/15/11

TM-10/12/11

39.881372N

39.98455N

39.9426N

39.9426N

39.87195N

39.87723N

39.91835N

111.6214W

111.537W

111.5246W

111.5246W

111.5913W

111.5725W

111.5478W

Tu

Tmw

Tmw

Tml

Tml

Tms

68.96
0.56
16.02
3.55
0.03
1.07
5.15
2.31
2.21
0.15
100.00

66.21
0.82
16.40
4.00
0.08
1.06
3.67
2.99
4.59
0.19
100.00

68.51
0.71
15.46
3.49
0.05
0.93
3.45
2.74
4.50
0.16
100.00

66.93
0.80
16.01
4.13
0.08
0.99
3.37
2.77
4.73
0.18
100.00

69.48
0.51
15.69
3.13
0.05
1.80
3.46
2.34
3.42
0.12
100.00

68.63
0.41
13.88
2.50
0.08
1.03
5.75
2.65
4.95
0.11
100.00

10
42
22
8
2
48
19
81
347
21
208
15
837
33
50
28
4
24
13
3

13
71
0
5
5
55
18
140
598
35
325
14
1575
52
68
45
5
22
18
6

12
45
1
4
5
38
18
97
576
31
320
14
1441
56
69
45
5
20
17
4

15
94
6
9
8
71
19
150
555
38
337
16
1403
60
92
53
6
23
18
6

10
44
11
7
5
50
18
118
449
28
246
19
995
79
128
52
6
28
27
4

9
43
0
5
4
41
15
146
270
21
166
13
1058
42
73
27
4
27
22
7

Tmt
Normalized to 100% on a -free basis
73.57
SiO2
0.27
TiO2
14.73
Al2O3
1.91
Fe2O3
0.05
MnO
1.80
MgO
1.98
CaO
1.63
Na2O
4.00
K2 O
0.04
P2O5
100.00
Total
Sc (ppm)
V
Cr
Ni
Cu
Zn
Ga
Rb
Sr
Y
Zr
Nb
Ba
La
Ce
Nd
Sm
Pb
Th
U

  

7
17
6
7
4
53
17
136
323
26
150
20
1020
46
74
36
4
27
22
5

Welded Dacite Tuff Welded Dacite Tuff Welded Tuff

TM-DLB-2/21/12B

TM-DLB-2/21/12C TM-LR-111

 Major oxides reported in weight percent and trace element reported in parts per million (pppm) by X-ray 

    spectromety at Brigham 

Tuff bed in lahar Tuff clast in Sandstone

TM-DLB8/5/11

TM-DLB2/21/12A

 University
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Plate 2
Geologic Map of the Birdeye Quadrangle
A West

Glacial deposits, young (Holocene) Glacial related valley fill on the
upper slopes of Mount Loafer mapped below glacial scarps; composed
of clasts from the Granger Mountain Member of the Oquirrh group;
ranging from gravel to boulders; ranges in thickness from 0 to 300 feet
thick (0 to 100 m); forms distinctive hummocky terrain.

Qmf

Qms

Qmt

Qsm

Qtc

QTaf

Tcc

Tms

Tmf

Tmt

Tmw

Tml

Tu

Tg

Tc

IPogm

Landslides (Quaternary) Poorly sorted clay to boulder sized material;
generally characterized by hummocky topography, main and internal
scarps, and chaotic blocks of bedrock; mainly slump deposits;
morphology becomes subdued with age; bedrock units most susceptible
to mass movements include the Tertiary Moroni Formation (Tml,
Tms), Uinta Formation (Tu), Colton Formation (Tc), and North Horn
Formation (Tn); thickness highly variable.

Conglomerate of Crab Creek (Oligocene and Miocene) Sand, silt,
gravel, and cobbles that are poorly sorted; composed dominantly of
Paleozoic clasts but contains Moroni volcanic clasts; differentiated
from the fluvial Moroni Formation by stratigraphic position, smaller
clast size, and decreased volcaniclastic component (<10%); ranges in
thickness from 0 to 400 feet thick (0 to 120m); used by Metter (1955)
but mapped as only the conglomerate facies of his three members of the
Crab Creek Formation; may correlate with Constenius and Dawson’s
(2008) middle Miocene member of the Moroni Formation.
Moroni Formation arcosic fluvial facies (Eocene and Oligocene)
Grayish orange pink (5YR7/2) poorly sorted sandstone with channel
lags gravels composed of volcanic clasts; forms steep to moderate
slopes; interpreted as middle Miocene (Constenius and Dawson, 2008)
but due to stratigraphic position interpreted here as a facies change and
not the proposed younger member; approximately 800 feet (240 m)
thick east of the town of Birdseye but pinches out to the north and
south.
Moroni Formation coarse grained fluvial facies (Eocene and Oligocene) Sand, silt, gravel, and cobbles, highly variable clast composition
but dominantly volcaniclastic clasts with as much as 50% quartzite and
limestone clasts; poorly outcropping and forms moderate slopes; in the
center part of the quadrangle separated from the lahar member by a 10 to
15 foot (3 to 3.5 m) very light gray (N8) limestone with pumice
fragments; thickness varies but at least 600 feet (180 m) present in the
southern portion of the quadrangle.
Moroni Formation basal tuff (Eocene and Oligocene) Grayish
orange pink (10R 7/4) to light gray (N7) rhyolite ash-flow tuff;
commonly has 2 to 5 mm lithic fragments, 1 mm pheoclasts of quartz,
plagioclase, k-feldspar, and bioitite, and pumice fragments ranging
from 5 mm to 15 cm in size; poorly welded and outcrops as steep to
moderate slopes at the base of the Moroni Formation; ranges from 3 to
20 feet (1 to 6 m) thick.
Moroni Formation welded tuff facies (Eocene and Oligocene) Pale
red (5R 6/2) dacite welded tuff with black fiamme; common lithic
fragments up to 1 cm in size as well as 1-2 mm quartz, plagioclase, kfeldspar, and bioitite, phenoclasts; approximately 50 feet (15 m) thick
but is highly variable and is interbeded with the lahar member.
Moroni Formation lahar facies (Eocene and Oligocene) Medium
gray (N6) to pale brown (5YR 5/2) poorly sorted angular clasts of
andesite to trachyandesite; clasts commonly have 1-4mm pyroxene and
or plagioclase phenocrysts; Ar Ar dated at 34.4 Ma (Constenius, 2011);
Outcrops as steep to moderate slopes and forms hoodos; approximately
2000 feet (600 m) thick near Blind Canyon and up Crab Creek but
averages 200 feet (60 m).
Uinta Formation (middle Eocene) Conglomerate with subangular to
subrounded quartzite and limestone ranging from sand to cobbles;
minor sandstone lenses and beds scattered throughout; poorly
outcropping with clasts weathered out from the formation and forming
gentle to moderate slopes; differentiated from the Tn conglomerates
largely by stratigraphic position; base is an unconformity mapped at the
transition from dominantly limestone and siltstone to conglomerates;
thickness averages 650 feet (200 m) thick.
Green River Formation (Eocene) Interbedded limestones siltstones
and minor conglomerate beds; limestones are highly variable ranging
from vary light gray (N8) to moderate red (5R5/4) and subangular
pebble stringers are common; locally oncolitic, with oncolites ranging
in size from 1-10cm; In places weathered conglomerate beds form a
moderate redish brown soil (10R 4/6) with subangular quartzite and
limestone clasts up to 4 cm in size; stromatalite heads up to 1 m in size
are present in the eastern outcrop but not present above Crab Creek;
grades upwards into paper shales that weather into clay rich slopes; the
base is mapped at a 6 feet thick (2 m) white (N9) to very light gray
(N8) limestone bed; Harris (1953) measured a partial section of 242
feet (73 m) north of Crab Creek (using our contacts).
Colton Formation (lower Eocene) Light olive gray (5Y 6/1),
yellowish gray (5Y 8/1), and grayish orange pink (10R 8/2) siltstone
with minor (1m) thick pebble conglomerate and limestone beds;
Oncolites are common throughout and range in size from 1 cm to 35
cm; the base is mapped at a poorly outcropping shale layer above the
resistant Flagstaff Limestone; contacts after Witkind and Weiss (1991),
and following the criteria of Marcantle and Weiss (1968); Harris (1953)
measured 537 feet (163 m) on the north side of Crab Creek using our
contacts.
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GEOLOGIC SYMBOLS
Tf

TKn

Kcm

Jtg
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Talus and colluvium deposits undivided (Holocene and Pleistocene)
Composed of slopewash and soil creep as well as angular debris;
Composition varies according to source; 0 to 50 feet (0 to 15 m) thick.
Alluvial-fan deposits (Oligocene? and Miocene) - Mostly sand, silt,
gravel and boulders that is poorly stratified and poorly sorted;
composed of dominantly light gray (N7) to light brown (5YR 6/6)
Paleozoic quartzites, but with occasion clasts of Paleozoic limestones,
and Tertiary rocks; erosional windows into the Moroni Formation are
common; ranges in thickness from 0 to 300 feet (0 to 100 m) but
averages 15 feet (4 m); mapped as Quaternary Tertiary landslide
deposits by Solomon (2010) but mapped as an alluvial fan in the
Birdseye quadrangle due to widespread distribution and lack of clear
landslide morphology.

Jgs

TRu

Talus deposits (Holocene and Pleistocene) Angular debris on steep,
mostly unvegetated slopes of Loafer Mountain near the peak;
composed of Oquirrh Formation quartzite and limestones; 0 to 50 feet
(15 m) thick.
Spring and marsh deposits (Holocene to upper Pleistocene?) Fine,
organic-rich sediment associated with springs, commonly wet, but
seasonally dry; may locally contain peat deposits as thick as 3 feet (1
m).

Ppf

Tc

1000

Glacial deposits, older (Holocene to upper Pleistocene) Older lateral
and terminal moraine glacial deposits mapped along the south side of
Crab Creek and mantling the Moroni and North Horn Formations;
dominantly composed of angular to sub-angular clasts of Diamond
Creek Sandstone, with some Kirkman limestone, Oquirrh group, and
North Horn Formation clasts; clasts range in size from gravel up to
boulders; ranging in thickness from 0 to 150 feet thick (0 to 45m) but
averaging 15 feet thick (4 m).
Debris Flow deposits (Quaternary) Clay, silt, and gravel deposits from
debris flow events sourced from the Tertiary North Horn Formation
(Tn) and Colton Formation (Tc); 0 to 30 feet thick (0 to 10 m) thick.

Ppg

Jtb

Jtr

Jts

Jg

Jn

TRa

TRu

Ppf

Ppm

Ppg

Pdc

Pk

Flagstaff Limestone (lower Eocene) Yellowish gray (5Y8/1) to
moderate red (5R 5/4) micritic limestone weathering white (N9) and
light gray (N7); locally oncolititic, with minor sandstone and pebble
conglomerate beds; the base is recognized by a persistent switch from
dominantly clastic sediments to carbonates and locally varies from a
micritic limestone to a sandy limestone; contacts after Marcantle and
Weiss (1968) and similar to Pinnell (1972); cliff forming; Harris (1953)
measured 408 feet (124 m) on the north side of Crab Creek using our
contacts.
North Horn Formation, (lower Eocence - Upper Cretaceous,
Maastrichtian) Moderate red (5R 4/6) thick to very thick bedded
mudstone siltstone and sandstone interbedded with medium gray (N5)
oncolitic limestones and edium gray (N7) to moderate redish brown
(10R 7/4) conglomerate ; grades downward into a well cemented
conglomerate; upper limestone beds contain fossil gastropods,
bivalves, and palynomorphs that date the unit (Constenius, 2008);
conglomerate locally present as thick, lenticular, channel-fill deposits
containing pebbles to cobbles of Paleozoic rocks; about 300 feet (100
m) thick near Payson Lakes but thickens to 1600 feet (485 m) to the
east; unconformably sits on Mesozoic and Paleozoic rocks.
Cedar Mountain Formation, (Lower Cretaceous) Not exposed at the
surface only used in cross section; outcrops to the East in the Thistle
quadrangle; Interbeded limestones, conglomerates, sandstones, and
siltstones; 2100 feet to 2400 feet (700 to 800 m) thick estimated from
mapping by Valora and Ashcroft (2012).
Twist Gulch Formation, (Upper to Middle Jurrasic) Not exposed at
the surface only used in cross section; sandstone interbedded with
siltstones and shales; approximately 900 feet to 1500 feet thick (300 to
500 m) estimated from mapping by Valora and Ashcroft (2012).
Arapien Shale (Middle Jurassic) Pale greenish yellow (10Y 8/2) to
yellowish gray (5Y 8/1) shale interbedded with ripple cross-laminated,
calcareous siltstone and sandstone; minor interbeds of sandstone, and
micritic limestone; exposed only in outcrop east of Highway 6;
partially exposed due to being unconformably covered by North Horn
Formation; approximately 880 feet (270 m) exposed in the Thistle
quadrangle (Valora and Ashcroft, 2012) total thickness estimated to be
1200 to 1800 feet (400 to 600 m).
Twin Creek Limestone, Watton Canyon Member (Middle Jurassic)
Medium gray (N5), medium- to thick-bedded, lime micrite to
wackestone with oolites and pelecypod fragments; resistant ridge
former; 160 feet (50 m) thick (Sprinkle written communication, 2012).
Twin Creek Limestone, Boundary Ridge Member (Middle Jurassic)
Light gray (N7) to light brown (5YR 5/6) shale and siltstone; recessive
and poorly exposed; 140 feet (40 m) thick (Sprinkle written
communication, 2012); 200 feet (60 m) measured in the Billies
Mountain quadrangle (Young, 1976).
Twin Creek Limestone, Rich, Member (Middle Jurassic) Medium
gray (N5) to light brownish gray (5YR 6/1) argillaceous limestones and
siltstones; limestone beds increase in frequency higher in the section;
ripple bedding is common; minor gastropod beds; 460 feet (140 m)
thick (Sprinkle written communication, 2012).
Twin Creek Limestone, Sliderock, Member (Middle Jurassic) Light
brownish gray (5YR 6/1) to dark gray (N3) dense limestone; abundant
oolitic beds throughout and common gastropod fossils; 50 feet (16 m)
thick (Sprinkle written communication, 2012).
Gypsum Springs Formation (Middle Jurassic) Moderate redish brown
(10R 4/6) siltstone, moderate orange pink (10R 7/4) and white (N9)
quartz sandstone, anhydrite, with minor beds of gray limestone, and
some red shales; thickness highly variable and ranges from 0 to 50 feet
(15m) thick; base is an unconformity.
Nugget Sandstone (Lower Jurassic) Moderate orange pink (10R 7/4)
to pale yellowish orange (10YR 8/6), cross-bedded, moderately
cemented to friable, fine- to medium-grained sandstone, with wellrounded commonly frosted grains; Navajo of some previous workers;
Harris measured 2247 feet (680 m) (using our contacts) in Crab Creek;
regionally about 1260 to 1450 feet (385 to 440 m) thick (Constenius et
al., 2009; Baker, 1947).
Ankareh Formation (Upper and Lower[?] Triassic) Dark redish
brown (10R 3/4) to greenish gray (10GY 6/1), thin bedded mudstone,
siltstone, and medium to thin bedded, fine grained sandstone; siltstone
is locally micaceous; green reduction spots common; Brandly (1990)
measured 1130 feet (345 m) near Diamond Fork; Young (1976)
measured 1400 feet (426 m); Baker (1947) reported a total thickness of
1485 to 1530 feet (453 to 466 m) in the Wasatch Range.
Thaynes Formation and Woodside Shale undivided (Lower
Triassic) Not exposed at the surface only used in the cross section;
interbedded shales and limestones; estimated thickness of 4000 feet
(1200 m) due to thickening by thrusting (Constenius et al., 2003) and or
a change in bedding dip similar to that in Diamond Fork Canyon
(Rawson, 1957); compared to 2185 feet (665 m) estimated by Neighbor
(1959).
Park City Formation, Franson Member (Permian) Yellowish gray
(5Y 8/1) dolomite that weathers light gray (N7) to white (N9) with
interbedded medium gray (N5) to grayish red (10R 4/2) siltstones and
shales; ranges from thick to thin bedded; dolomite is locally silty to
sandy; with small, quartz-filled vugs and light gray (N7), to grayish
black (N2) chert as nodules and stringers; commonly highly fractured
to brecciated; approximately 1600 feet (490 m) (Harris, 1953); 820 to
930 feet (250 to 284 m) thick in Diamond Fork anticline (after Welsh,
1981, unpublished).
Phosphoria Formation, Meade Peak Phosphatic Member (Permian)
Medium gray (N5) to black (N1), fissile, siliceous, locally oolitic shale
and thin bedded, medium gray (N5) to dark yellowish brown (10YR
4/2) siltstone, with interbedded limestones; poorly exposed, forms
benches with siliceous shale and siltstone chip as float; 300 feet (90 m)
thick (Harris, 1953).
Park City Formation, Grandeur Member (Permian) Medium (N5)
to dark gray (N3) dolomite , weathers very light gray (N8), is medium
to thick bedded at the base, and is fine to medium crystalline, with
dispersed, white (N9), chert nodules; lower part is medium gray (N5) to
light gray (N8) weathering, dolomitic lime wackestone with medium
dark gray (N4), 0.4 to 0.8 inch thick (1 to 2 cm) chert layers; 1440 feet
(438 m) thick (Harris, 1953); 270 feet (82 m) thick in Diamond Fork
anticline (Welsh, 1981, unpublished).
Diamond Creek Sandstone (Lower Permian) Pinkish gray (5YR 8/1)
to grayish orange (10YR 7/4), very thick bedded and trough crossbedded, fine-grained, friable sandstone, with thin-bedded, light-gray,
calcareous sandstone interbeds; forms a ridge between the Grandeur
and Kirkman carbonates; Harris (1953) measured 621 feet (189 m)
south of Crab Creek; 480 feet (146 m) thick in Diamond Fork anticline
(after Welsh, 1981, unpublished).
Kirkman Limestone (Lower Permian, Leonardian and Wolfcampian)
Very light gray (N4) to medium dark gray (N4), thick- to mediumbedded at the base, to thinly (2mm) laminated at the top, dolomitic
limestone; commonly brecciated and consists of dark-gray to black,
gray-weathering beds of rotated, thinly laminated, limestone clasts, and
lighter gray beds of non-laminated, dolomitic limestone; highly
variable localized dips; measured by Harris (1953) as 205 feet thick (62
m) but varies in thickness from 150 to 250 feet (45 to 65m).
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Oquirrh Formation, Granger Mountain Member (Permian,
Wolfcampian) Medium light gray (N6) limestone and pale reddish
brown (10R 5/4) silty sandstone; minor beds with abundant track and
trail markings; fusulinida and crinoid hashes common near the upper
part of the unit; prominent limestone unit approximately 100 feet (30
m) thick outcropping in the Spanish Fork quadrangle serves as the base
(Solomon et al., 2007 and Constenius et al., 2011), approximately
10,000 feet thick (3000 m).

Gradational contact
Arête
Landslide scarp, dashed where approximate,
hachures on the down thrown side

Oquirrh Formation, Wallsburg Ridge Member (Pennsylvanian,
Virgilian-Missourian) Not exposed at the surface only used in cross
section; quartzite and sandstones with rare limestone interbeds;
approximately 8000 feet (2450 m) thick in the Wasatch Range (Baker,
1947).
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